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POSITIVE CONTROL OF MATERIALS IN MOTION D feo: 


ONTROLS 


B-I-F MODULAR DESIGN 


increases versatility, cuts maintenance 
in time-duration telemetering receivers 


thers Chronofio in both 


compact 4" strip chart and 12” circular chart receivers 


completely redesigned to meet today’s demands! 


~ 


POWER SUPPLY MODULE 


POWER POSITIONER MODULE 


High, enduring accuracy better than 0.5 yt full 


FS : . scale over 5:1 flow range (10:1 optional at extra cost). 


High speed operation, high repeatability due to 
new compact, balanced-movement design of power 


positioner mechanism 


Application versatility up to 8 alarm or controt 
switches for compact 4° recorder up to [6 for 12 
circular chart receiver. Potentiometer tor electrical 
summation and data logging-computing. (Switches and 


potentiometers optional.) 


Faster, quieter response, low power consumption 
DC power supply nominally rated at 35V 12 to 20 


watts depending upon arrangement 


industries 


BUILDERS PROVIDENCE + PROPORTIONEERS - OMEGA 


METERS + FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


For complete details, request literature TH-C, free of charge. Write 
on company letterhead for B-I-F’s new 52 page Telemetering Hanc- 
book available at $2.00 per copy. B-I-F Industries, Inc., 368 
Harris Avenue, Providence 1, Rhede Island. 
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AIR DIFFUSION SYSTEM 


Potents Pending 


...induced counterflowing air-liquid 
streams shear large air globules from 
nozzles into fine bubbles... causing 
instantaneous oxygen transfer to liquid, 
from turbulence, and thousand-fold 
increased air film surfaces. 

Fine bubbles from porous diffusers are 
recirculated by counterflowing streams 
to greatly increase total oxygen trans- 


HYDROSHEAR action in “SHEARFUSER" 


fer due to sub-surface tank turbulence. Nozzle Aerator 


PROVIDES . . CLOG-PROOF., highest 
oxygenation and circulation at lowest air 
pumpage and power usage. 


USES . . . fine bubble “SHEARFUSER” 
Air Nozzles, or Porous Diffusers, to ob- 
tain required aeration . . . combined with 
SWING DIFFUSERS for operating flexi- 
bility. 


Write for Bulletin 178 


Aeration Tank section showing SWING 
DIFFUSER with “SHEARFUSER” Header 


Putting Ideas to Work 
FOOD MACHINERY AND CHEMICAL CORPORATION 
HYDRODYNAMICS DIVISION 
CHICAGO PUMP 


AND 
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ILLINOIS 


new U.S. center of population 


From coast to coast America is growing. The progress 
of the past, the vitality of the present together with the social, 
economic and technological advancements have 
given us an assurance of a dramatic and expanding future. 
Sharing in this growth, and now the new center of 
population in the U.S., is the aggressive, spirited community 
of Flora, Illinois. One of Flora’s civic improvements is 
its sewage treatment plant. A program of modernization of facilities 
has provided this city with a plant that employs 
the finest in sewage treatment processes—P.F.T. Controlled 
Activated Sludge and P.F.T. Controlled Digestion. 
P.F.T., like Flora, is the center of attention when specifications 
call for the finest in waste treatment equipment. 
The eyes of the nation are on Flora. The eyes of consulting 
engineers who want only the best in process and 
equipment for sewage treatment plants look to P.F.T., the company 
keeping in step with tomorrow—today. 


Design of sewage treatment plant improvements 
by Crawford, Murphy and Tilly, Consulting Engineers 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 
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“ROTO- PLUG” SLUDGE 
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DEPOSITION OF CARBONATES ZONE 


ALKALINITY 


The“ Roto-Plug” Sludge Concentrator dewaters sewage sludge without 
the use of conditioning chemicals. This feature eliminates the costly problem 
of periodic acid washing of filter media to remove calcium carbonate 
deposits. Where chemicals are used to condition sludge it adjusts the pH 
of the sludge upward to pH 9 or higher and causes the formation of 
calcium carbonate. When referred to the carbonate equilibrium curve of 
water practice, the condition of the sludge is found to be high in the 
“deposition of carbonate zone”. 
The “Roto-Plug” works with the sludge “as is” 
thereby eliminating the age-old problem of 
decreased production due to calcium car- 
bonate blinding of filter media. 
For full details about the economical *Roto- 
Plug” method of dewatering sewage sludge 
write for our four-page illustrated folder 
RP-100. 


NICHOLS ENGINEERING & RESEARCH CORP. 
80 Pine Street, New York 5, New York 
3513 N. Hovey Street, Indianapolis 18, Ind. 405 Montgomery Street, San Francisco, Calif. 
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This is the chlorinator you can be proud of. Its handsome modern appear- 
ance reflects the advanced technology of its working parts. It is the first 
chlorinator ever to offer a complete regulator system in a single stack. There 
is no frail piping. Not even traces of moisture can feed back from the ejector. 
Any vacuum interruption stops operation ... instantly closes the chlorine 
inlet valve. We believe it to be—inherently—the safest, most dependable, 
and most accurate chlorinator ever devised. It is also the most controllable. 
Controlomatic models accept any imaginable type of signal, use it to feed 
up to 2000 pounds per day of chlorine according to any control mode you may 
choose. Because of its advanced design, because of its corrosion-proof con- 
struction, we firmly believe that this is the chlorinator that will never— 


never—grow old. 


If vou choose to buy one of these 
chlorinators sight unseen, on our say-so, 

we can deliver immediately from warehouse 
stocks across the country. If not, your 

local F&P field office will be happy to 
demonstrate the 3400 Series at your plant, 

at your convenience. Call for an appointment. 
Or, write for complete information in 

Catalog 70C3400. Fischer & Porter Company, 
1200 Fischer Road, Warminster, Pa. 


FISCHER & PORTER COMPANY 
INSTRUMENTATION AND CHLORINATION 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth: FISCHER & PORTER CANADA) 
LTD, DOWNSVIEW. ONTARIO FISCHER & PORTER WORKINGTON, CUMBERLAND, ENGLAND FISCHER & PORTER GmbH, 
GROSSELLERSHAUSEN, BEI GOTTINGEN, GERMANY e FISCHER & PORTER N.V., KOMEETWEG 11, THE HAGUE, NETHERLANDS @ FISCHER & 
PORTER Pty. LTD., 184 HANNA ST., SOUTH MELBOURNE, VICTORIA, AUSTRALIA. 
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Canada 


Rocky Mountain 


New England 

Nebraska 
South Carolina 
North Carolina 


Florida 


Oklahoma 


Indiana 


New York 


Mississippi 


* See preceding 


Pacifie Northwest 


Date 
Oct. 


20-22 


Oct. 23-26 


9-11 
13-16 
7, 14-18 
Nov. 16-17 
Jan. 18-20, 1961 


March 10, 196] 


left-hand page for full name 


MEMBER ASSOCIATION MEETINGS 


Place 


Marcus Whitman Hotel, Walla Walla, Wash. 


Sheraton-Brock, Niagara Falls, Ontario 


(new date and place) 

3roadmoor Hotel, Colorado Springs, Colo. 
Taft Hotel, New Haven, Conn. 

Castle Hotel, Omaha 

Jefferson Hotel, Columbia 

R. E. Lee Hotel, Winston-Salem 

Galt Ocean Mile Hotel, Fort Lauderdale 
State University, Stillwater 

Hotel Washington, Indianapolis 

Park Sheraton Hotel, New York City 


Robert E, Lee Hotel, Jackson 


THIRTY-FOURTH 


ANNUAL MEETING 


Water Pollution Control Federation 


Host—Central States Sewage and Industrial Wastes Association 


Milwaukee, Wisconsin 


Technical Meetings and Exhibits—Auditorium 


Hotel Headquarters—Schroeder 
October 9-12, 1961 


ia 
Oct. 24-26 

Oct. 26-27 

Nov. 3 
Nov. 4 : 
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DESIGN MANUALS / 


“Sewage Treatment Plant 


¢ TREATMENT PLANT 
DESIGN 


Design,” 374 pages of the 


latest information for those 
interested in plant design. 


(WPCF MOP 8). 


¢ SEWER DESIGN AND 
CONSTRUCTION 


“Design and Construction of 
Sanitary and Storm Sewers,” the 


widely used sewer manual con- 


COMPANION VOLUMES 


IN THE taining 283 pages of comprehensive 


information, including more than 100 


FEDERATION 
illustrations. (WPCF MOP 9). 


MANUAL 


Each manual is offered to members at 


SERIES 


$3.50, and to others at $7.00. 


(Produced Jointly 
with ASCE) 


Bring your reference library up to date with 


the addition of these authoritative volumes. 


See Publications Page in this issue for other 


details and convenient order coupon. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D. C. 
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MEMBER ASSOCIATION MEETINGS 


Association * Place 


Pacific Northwest Marcus Whitman Hotel, Walla Walla, Wash. 


Canada st. 23-2 Sheraton-Brock, Niagara Falls, Ontario 


(new date and place) 
Rocky Mountain . 24-26 Broadmoor Hotel, Colorado Springs, Colo. 
New England ot. Taft Hotel, New Haven, Conn. 
Nebraska 7. Castle Hotel, Omaha 
South Carolina I. Jefferson Hotel, Columbia 
North Carolina 7. 9-11 . E. Lee Hotel, Winston-Salem 
Florida Nov. 13-16 Galt Ocean Mile Hotel, Fort Lauderdale 
Oklahoma Nov. 14-18 State University, Stillwater 
Indiana Nov. 16-17 Hotel Washington, Indianapolis 
New York Jan, 18-20, 1961 Park Sheraton Hotel, New York City 


Mississippi March 10, 1961 Robert E, Lee Hotel, Jackson 


* See preceding left-hand page for full name. 
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DESIGN MANUALS / 


“Sewage Treatment Plant 


¢ TREATMENT PLANT 
DESIGN 


Design,” 374 pages of the 
latest information for those 
interested in plant design. 
e SEWER DESIGN AND (WPCF MOP 8). 


CONSTRUCTION 


“Design and Construction of 
Sanitory and Storm Sewers,” the 
widely used sewer manual con- 


COMPANION VOLUMES 


taining 283 pages of comprehensive 


IN THE 

information, including more than 100 
FEDERATION 

illustrations. (WPCF MOP 9). 
MANUAL 
SERIES Each manual is offered to members at 


$3.50, and to others at $7.00. 


(Produced Jointly 


with ASCE) Bring your reference library up to date with 


the addition of these authoritative volumes. 


See Publications Page in this issue for other 


details and convenient order coupon. 
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View of Sludge Heating and Digestion Building. Metal was shop-primed with Inertol Rustin- 
hibitive Primer 621. Masonry wall and ceiling areas were primed with Ramuc® Utility Under- 
coater. Ramuc Utility Enamel was then applied to all primed surfaces. Special Inertol high-heat 
paints were used where required. Here—and in many other areas throughout the entire plant— 


Inertol specialized coatings will protect efficiently, attractively, economically 


..for many years. 


CINCINNATI’S GIANT SEWAGE PLANT 
PROTECTED BY INERTOL PAINTS 


Because this plant is centered in a high- 
ly industrialized area, it must cope with 
liquid wastes about twice as strong as 
the average municipality: suspended 
solids, 500 ppm; 5-day BOD, 400 ppm. 
This calls for maximum plant protec- 
tion—one of the important reasons Con- 
sulting Engineers Havens & Emerson 
specified Inertol paints. 

Mr. Arthur D. Caster, Cincinnati’s 
Principal Sewage Disposal Engineer, 
comments: “Our experience has proven 
that only the best protective coating 
should be used initially in Sewage 
Treatment Works, in order to reduce 
to a minimum maintenance costs dur- 


482 Frelinghuysen Avenue, Newark 12, New Jersey 


ing the future years.” The majority of 
the painted surfaces in this new plant, 
serving Cincinnati and twenty-six sur- 
rounding communities, are coated with 
Inertol products. Each paint is designed 
specifically for a particular surface. 

Inertol Company would welcome the 
opportunity to study your requirements. 
Write for complete paint specifications 
covering your current project. There’s 
no cost or obligation, of course. Also— 
be sure to ask for free, valuable main- 
tenance painting guide SI 586. 

A Complete Line of Quality Coatings 
for Sewage, Industrial Wastes, and 
Water Plants and Swimming Pools. 


INERTOL CO., INC. 


@ 27H South Park, San Francisco 7, California 
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How many of these water and waste treatment 


ideas can you use profitably? 


From well point to waste disposal 
this system serving the 
Electro-Mechanical Research Com- 
pany, Sarasota, Florida, is packed 
with ideas that can help you solve 
similar problems—and each idea was 
brought to reality with equipment 
supplied by Permutit, as prime con- 
tractor 

1. Well-water treatment (upper left 
in diagram) minimum 
flow of 160 gallons per minute from 
a well field—84 gallons for industrial 
cooling, 10 gallons for plating rinse 
make-up, and the balance for potable 
use. All this raw water is degasified 
and treated in a Permutit equipment 
system 


new now 


handles a 


2. Cooling water undergoes further 
treatment (top right) for reduction 


& PFAUDLER PERMUTIT inc 


Specialists in FLUIDICS...the science of fluid pr 


of carbonate and bicarbonate alka- 
linity, by means of a Permutit® Pre- 
cipitator and acid feeder. 


3. Plating room rinse-water demin- 
eralizing (center and lower right) 
A complete Permutit system saves 
water, saves heat, treats regenerant 
wastes, and provides high-quality 
demineralized water for plating 
rinse. Make-up and plating rinse wa- 
ter is processed through an anthra- 
cite filter to remove suspended sol- 
ids, a Carbo-Dur filter to remove 
organics, a Permutit Q-H_ cation 
exchanger, and a Permutit S-2 anion 
exchanger. This demineralized wa- 
ter is then ready for use. After 
plating rinse operations, water is re- 
cycled, treated and re-used. Wastes 
—including cyanide rinses, regener- 


ants, and others—are batch treated. 
4. Sanitary waste treatment (lower 
left) was designed to handle 20,000 
gallons per day, treating them first 
in an Imhoff tank, followed by high- 
rate bio-filtration, secondary clarifi- 
cation and chlorination 

The entire system was designed by 
Smally, Wellford and Nalven, Sara- 
sota, Florida, consulting engineers. 
Your engineering consultants can 
help you obtain similar results. Talk 
it over with them, or write for our 
Bulletin 4433, “Water Treatment 
Equipment,” and/or Bulletin 4486, 
“Equipment for Treating Industrial 
Wastes.” 

Permutit Division, Dept. JW-100, 
50 West 44th Street, New York 36, 
New York. 


*FLUIDICS is the Pfaudler Permutit 
program that integrates knowledge, 
equipment and experience in solving 

— involving fluids. 
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Dispose of Sewage Sludge 
the Modern Way 


FLASH DRY IT TO A MARKETABLE FERTILIZER... 


INCIN 


ERATE IT... 4 


PROPORTIO 
yor 


t 


The widespread acceptance of the C-E Raymond System is 
based on its solid advantages. This compact system com- 
bines the principles of Flash Drying and Incineration in a 
unit in which filter cake can be reduced to a sterile ash . . . 
or flash-dried to a salable fertilizer and soil conditioner. 
Revenue from the latter is often sufficient to pay a sub- 
stantial part of plant operating costs. 


Either operation can be performed alone, or combined in 
any desired proportion. Effective high-temperature deodori- 
zation equipment to remove foul odors from combustion 
gases is available for both processes. 


A C-E Raymond System can mean an end to your com- 
munity’s sludge disposal problems . . . as it has in munici- 
palities across the nation. Contact the Combustion office 
nearest you for specific recommendations. A C-E specialist 
will be glad to discuss your requirements and help plan an 
installation with you or your consultants. 


B-998C 


COMBUSTION ENGINEERING 


RAYMOND DIVISION, 427 West Randolph St., Chicago 6, Tlinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 510 West Sixth Street, Los Angeles 14, Cal. 
Canada: Combustion Engineering-Superheater Ltd. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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90% of the Cities 
in the United States 
use this ROD for 
cleaning sewers... 


T BE A REASON! 


‘\\ © BEST BY LABORATORY AND FIELD TEST 
\\ « SPECIAL STEEL FOR SEWER RODDING 
FLEXICROME RODS are the end © ACID RESISTANCE TREATED 


result of many years of field and 


laboratory tests. When you spe-  - GROOVED COUPLINGS 


cify “Flexicrome” you get these 
important, exclusive features: 


* Special alloy steel for extra 
toughness and durability. 


* Heat fused rod coating for 
better sewer acid resistance. 


* Solid center, grooved coup- 
lings for extra rod end sup- 
port, and faster assembly. 
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PIPE 
DOESN'T GET 
COLD FEET 
WET 
TRENCHES 


This cast iron pipe was installed to 
carry water to an important indus- 
trial site in Indiana. 

At the time of installation, weather 
conditions were severe; the trenches 
were wet and muddy. 

Still, the cast iron pipe was easily 
and speedily assembled, enabling the 
contractor to complete the job well 
ahead of the deadline. 

Cast iron pipe does not get cold 
feet over rugged soil conditions. Its 
rugged design, corrosion-resistant 
qualities, and bottle-tight joints will 
withstand the most severe conditions. 

Modern, cement-lined cast iron 
pipe will deliver a continued full flow 
of water for at least a century .. . and 
rarely requires repairs or replacement. 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 


@| CAST IRON PIPE 


THE MARK OF THE 100-YEAR PIPE 


‘ 
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“He musta misunderstood 
Gran'maw. She told him 
Tyton is easy to handle!” 


BFOR WATER, SEWERAGE AND 


2 
cast iron 
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losing no time! 


Not Cousin Willie. He's used to working with Tyton”, 
fastest, simplest, easiest to install pipe that ever 
snuggled into a trench. 


No beil holes, caulking equipment, nuts, bolts or 
other bothersome equipment. Tyton Joint pipe 
needs only one accessory. No weather worries, either. 
Tyton can be laid in rain or wet trench if need be. 


Lose no time. Get the time and money-saving facts 
on Tyton Joint pipe. Call or write. 


U.S. PIPE AND FOUNDRY COMPANY 
Genera! Office: Birmingham 2, Alabama 


® 
INDUSTRIAL SERVICE 


TYTON 


ONLY FOUR SIMPLE ACTIONS 


Insert gasket with groove over bead in gasket seat 
a simple hand operation 


Wipe film of Tyton Joint® lubricant over inside of 
gasket. Your receiving pipe is ready 


Insert plain end of entering pipe until it touches 
gasket. Note two painted stripes on end 


Push entering pipe until the first painted stripe dis 
appears and the second stripe is approximately flush 
with bell face. The joint is sealed... bottle-tight, 
permanently! The job's done fast, efficiently, 
economically Could anything be simpler? 
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Your assurance of uniform dispersion... 
long diffuser life... trouble free service 


ALOXITE aluminum oxide diffusers have 
proved successful in hundreds of installa- 
tions — some with more than 25 years of 
service. ALOXITE installations outnumber all 
other 


combined. 


makes of porous ceramic diffusers 


Remember these characteristics of ALOXITE 
when considering your air diffuser require- 
ments... (1) A uniform grain and pore 
structure. This assures uniform, small-bub- 
ble diffusion. (2) A smooth, low-resistance 
surface. The glass-like ceramic bond that 


coats each grait? minimizes pressure loss or 


clogging. (3) Permanent resistance to cor- 
rosion. (4) Adaptability to practically all 
cleaning methods. (5) Great strength and 


ruggedness. 


ALOXITE diffusers, are available in plate or 
tube form and ina full range of grades. 
This permits maximum flexibility of design 


. your assurance of aeration results. 


Write for free 56-page 
booklet to Dept. N-100, 
Refractories Division, 

The Carborundum Co., 


Perth Amboy, N. J. 


For time-tested porous media... count on 


CARBORUNDUM’ 
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NEW SUTORBILT 
SERIES 3200 
BLOWERS 

AND GAS PUMPS 


with one-piece shafts 
for greater efficiency at increased 
horsepower and pressure ratings 


New Series 3200 Sutorbilt lobe-type rotary positive blowers and gas pumps 
feature one-piece shafts. Forged from a single billet of 4140 alloy steel, 
they are slip fitted through—and bolted to—the impellers at the gear end. 


Why a One-Piece Shaft? These heavy duty, high performance units must 
operate safely from 800 to 20,000 cfm at pressures from 2 to 10 psi. 
Incorporating this advanced shaft design in all 42 sizes eliminates using the 
drive impeller to transmit power . . . and greatly reduces the torsional 
deflection of the shaft between the timing gears and the impellers. And this 
one-piece shaft also eliminates adding outboard bearings for V-belt drive 
with normal working loads. 


Other Outstanding Features include oversize heavy duty, anti-friction roller 
bearings with lip-type oil seals, machined sub-bases, alloy steel precision 
machined helical timing gears piloted to the shafts for concentricity, close 
grain cast iron impellers and a reversible oil pump with an oversize sump 
that eliminates the need for an oil cooler at ambient temperatures below 
125°F. In gas and high vacuum pumps, mechanical seals prevent leakage 
or gas contamination. 


For more information and detailed specifications on these powerful, peak- 
performance units, write today, Department E. 


Representatives in principal cities. Consult your classified telephone directory 


FULLER 
COMPANY 


CORPORATION, 2966 EAST VICTORIA ST. ¢ COMPTON, CALIF. 
SUBSIDIARY OF FULLER COMPANY e@ CATASAUQUA, PA, 
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FASTER 


FAST, FOOLPROOF 
INSTALLATION 


PLACE RUBBER 
“0” RING IN SPIGOT 
GROOVE 


LINE UP, 

SHOVE INTO PLACE 
THAT’S ALL THERE IS 
TO IT! 


AKRON 9, OHIO 
65 W. State St 
ALBANY 4, N. Y. 
1357 Broadway 


SERVICE 
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TODAY’S 
FAST, TIGHT, TOUGH 
FACTORY-MADE JOINT 


Wedge-Lock’® Type “O”’ 
BY ROBINSON 
Now Available In Diameters Through 36” 


Now, lines go in faster, seal tighter, stay 
trouble-free longer. Robinson Type “O” joints 
reduce laying time... cut installation costs 
... are ideally suited to difficult installation 
conditions. New precision-tight Factory-Made 
Wedge-Lock Type “O” joints handle infiltra- 
tion and roots in any terrain. 


THE 


ROBINSON 


CLAY PRODUCT CO. 
ESTABLISHED 1856 
AKRON 9, OHIO 


INDIANAPOLIS 7, IND. 
1013-15 E. 21st St 


NEW YORK, N.Y 


*Patented. T.M. 
Reg. U.S. Pat. Off 


POrtage 2-8601 WAlInut 3-1507 


HObart 3-4139 


You get quick de- 
livery of all sizes 
from strategically 
located Robinson 
branches. 


FOR MORE 
DETAILS 


on Robinson Fac- 
tory-Jointed Clay 
Pipe, Call the 
Robinson Branch 
Office nearest you 
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BALTIMORE 2, MD. 
1546 Mathieson Bidg 
BOSTON 34, MASS. 
22 Pratt St., 

Allston Station 
BUFFALO 10, N. Y. 
1146 Seneca St TRiangle 3082 
CALDWELL TOWNSHIP, N. J. 

Kulick Road 

off Fairfield Road 
CHICAGO 46, ILL. 
7100 N. Lehigh Ave., 
Edgebrook Sta NEw Castle 1-5700 
EAST HARTFORD 8, CONN. 
170 Tolland St 


MUlberry 5-2930 


STadium 2-8900 


CApital 6-8800 


BUtler 9-4389 


107-10 180th St., P. 0. Box 589 
Jamaica, L. |., N. Y REpublic 9-7100 
PHILADELPHIA, PA. 
P. 0. Box 85, 
Pottstown, Pa 


ROCHESTER 11, N. Y. 
609 Buffalo Road 


SYRACUSE 3, N. Y. 

534 Spencer St. HArrison 2-9226 
TORONTO, ONTARIO, CANADA 

Baldwin Ave., Concord, 

Ontario, Canada AVenue 5-1138 


YONKERS, Westchester County, N. Y. 
1013 Saw Mitl 
River Road 


FAculty 6-1310 


BEverly 5-6990 


YOnkers 8-7762 


, CLEAN BELL 
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CLEAN SPIGOT 
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Rex Verti-Flo not only increases the clarifying 
capacity of tanks up to four times; it provides a far 
clearer effluent. The savings in equipment and 
construction costs are obvious. Here’s how Verti- 
Flo does it: The unique design of Rex Verti-Flo 
Clarifier transforms the conventional horizontal- 
flow tank into a vertical-flow tank...utilizing the 
full volume of the tank and minimizing short-circuit- 
ing. This is accomplished by a system of collecting 
troughs, weirs and partitioning baffles which divide 
the large, horizontal settling zone into a series of 
small, vertical-flow cells. To assure maximum flow 
length and control, the weirs are adjustable en- 
tirely around the periphery of each cell. 


Installed in existing tanks, Verti-Flo can be at 
least double the capacity of the tank...in new 
installations, Verti-Flo provides up to four times 
more capacity so that smaller basins can be used 
with considerable savings in both equipment and 
construction costs. 

For information, write CHAIN Belt Company, 
4606 W. Greenfield Ave., Milwaukee 1, Wis. 


CHAIN BELT COMPANY 
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VISIT THE CENTRILINE BOOTH +121 AT W.P.C.F., PHILADELPHIA, PA. 


HOPPER FOR SEALER —TCENTRILINGE | ai | 


TV MONITOR 


Beas 


NEW! THE CENTRISEAL PROCESS 
ELIMINATES LEAKING JOINTS 


Now joint leakage can effectively be stopped in small as well as 
large sanitary and storm drains. By remote control—constantly 
monitored by television which finds the leaks and checks the 
seal afterwards—special CENTRISEAL PROCESS equipment 
forces a fast-setting polymeric sealer into open joints from the 
inside. This forms a tough seal in the pipe joint as well as out- 
side in the surrounding soil. You’re thus assured a permanent 
bond, and leakage from either internal or external pressures is 
prevented. No excavations are necessary and the grouting 
process is remotely controlled from above ground. Savings are 
found in maintenance and pumping costs and capital expendi- 
tures are avoided. 


INCIDENTALLY If your problem is more than leaking joints, 


*** if you have deteriorated pipes, investigate 
the other Centriline services. The CENTRILINE PROCESS lines 
pipes with a cement mortar or acid-resistant epoxy mortar 
applied centrifugally. Because the pipes remain in place, there’s 
no traffic interruption. Pipe life is increased, ground and pave- 
ment settlement due to infiltration eliminated. Write now for 
complete information on the CENTRISEAL PROCESS for leaking 
joints and the CENTRILINE PROCESS for lining pipe. 


CENTRILINE CORPORATION 


swmond International Inc 


140 CEDAR STREET, NEW YORK 6, N.Y. © WOrth 2-1429 


Branch Offices in Principal Cities of the United States, Canada and Latin America 
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TOPS IN DEPENDABILITY AND SAFETY 


Concrete or steel under- 
ground station with Shone® 
Type S pneumatic ejector, 
mechanically controlled 
(warranted 25 years). Re- 
mote air supply. Nothing 
electrical; maintenance free; 
operates even under water. 
For municipalities and large 
subdivisions. 
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SUPRISINGLY VERSATILE, INEXPENSIVE 
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Which sewage lift station is best for your job? 


Shone® Type SAC station, 
in concrete 
vault. Mechanically con- 
trolled ejector (warranted 
25 years) has its own com- 


underground 


pressor. Frequently less 
costly than package stations. 


Finds use everywhere. 


PACKAGE STATION 


Quality underground station 


with vertical, short-coupled 
4 (Series 6260), dry pit cen- 
 trifugal pumps. Quality de- 


/ 
. 
A sign and equipment give 
V// good service life at nominal 


cost. For small permanent 
stations, growing areas. 


LOW FIRST COST—EASY INSTALLATION 


Two-compartment steel 
basin with centrifugal ver- 
tical wet pit pump. Pumps 
are not submerged; motors 
protected from flooding. Low 
first cost; fast installation. 
For buildings, small grow- 
ing subdivisions. 


Package underground station 
with Expelsor® pneumatic 
ejector, electrode controlled. 


Z Sanitary and dependable, 
low maintenance, easy to 
A 
service. Recommentied band 


applications. 


BUILDING TYPE STATION 


Expelsor® pneumatic ejec- 
tor station designed for use 
in buildings. Compressor is 
on basement floor; ejector 
on floor below. Sealed in- 
stallation gives safe, odor- 
less handling of sewage in- 
doors. 


SPECIAL PROBLEMS? 


Centrifugal vertical wet pit 
pumps with adjoining set- 
tling basin. Good for areas 


where sand or old sewers 


create problems. Special 
pump construction for abra- 
sive or corrosive conditions, 


industrial wastes. 


The answer depends on the job. Is it to be a tem- 
porary station? What about future loads? How much 
maintenance will it get? What type of power is avail- 
able? These and many other questions must be weighed 
carefully and without bias. In making the decision, 
why not put Yeomans 61 years’ experience (59 on 
underground stations alone) to work? Because Yeomans 
builds the only complete line of sewage lift stations in 
the industry, recommendations are impartial and in 
your best interest. Phone, wire, or write now. 


1999-7 N. Ruby St., Mclrose Park, lil. 


SPECIALISTS IN SEWAGE LIFT STATIONS—THE COMPLETE LINE 


MAXIMUM RELIABILITY—MINIMUM SPACE 


Package underground sta- 
tion. Expelsor® pneumatic 
ejector has two compart- 
ments, duplex compressors 
and controls. Excellent serv- 
ice accessibility. Especially 
suited for subdivision and 
municipal lift stations. 


L-5911 
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PREFABRICATED TO SPEED CONSTRUCTION 


@ Ready for field installation! Parshall 
Flume Liners are prefabricated from 
“Chemstone E,” an asbestos cement ma- 
terial impregnated with a special as- 
phaltic compound under tremendous 
pressure. It will withstand shock, vibra- 
tion and is impervious to most acids, 
alkaline solutions and rapid temperature 
changes. More durable than a concrete 
channel. Although strong enough to 
stand alone, it is generally used as a 


liner in concrete channels and serves as 
the inside form during the pour. 


Tolerances are held within plus or 
minus \,”—well within the limits of ac- 
curacy for this type of metering. 


Flume liners with throats 3” to 12” 
are furnished on skids completely as- 
sembled for quick, easy installation. For 
throats 18” to 96” the liners are fur- 
nished in two sections. 


Write For FREE Literature and Specifications 


RATION EQUIPMENT CORPORATION 


275 HOLLENBECK STREET, ROCHESTER 21, N. Y. 
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IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 


strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 


required. 


1OWA SHEAR GATES—either ail iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


IOWA CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe tines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


1OWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


Whit Topay {or 


1OWA FLAP VALVES—all 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
— including bronze bolts, flap ring 
and seat ring—when required. 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


IOWA SLUICE GATES—can be used 
in lines having Doth seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


IOWA vaive company 


For 50 years a reliable source for 


precision engineered products 


/ 


A Subsidiary of 
James B. Clow & Sons 


Oskaloosa, lowa 
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PITCH-IMPREGNATED 


PIPE 
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Costs reduced in natural process 
waste disposal system 


P.1. PIPE comes in 10° lengths up to 36” LD.; 
straight line fibre couplings available with or 
without neoprene gaskets. Can be sawed, or 
drilled and tapped for special fittings. Steel 
fittings may be connected to P.I. PIPE with 
Dresser or other similar couplings. 


Bubbling orifice noturol waste disposal sys 
tem of John H. Dulany & Son, Inc., Fruitland, 
Maryland, vegetable conners. Designed and 
engineering by C. W. Thornwaithe Associates 
Eimer, N. J. From the supply moin, cannery 
woste effivent flows into buried distribution 
loterals, ond bubbles to the soil surface 
through short risers, spoced every 20 feet 
This waste is then purified by notural filtra 
tion end absorption 


Because of its low initial cost, ease of installation, and resistance to 
corrosion, over 11,000 ft. of P.I. PIPE was used in this “bubbling 
orifice’ waste disposal system, installed at John H. Dulany & Son, Inc., 
frozen food packer 


Sonoco P.I. PIPE is the newest development in fibre pipe—and the 
only fibre pipe available in 1.D.’s up to 36 inches! It has particular 
value in industrial waste disposal systems because it is strong, low 
in cost, and impervious to harsh chemicals found in soils and effluents. 
In fact, with its ease of installation and great durability, P.1. PIPE 
can be used with excellent results for all types of gravity flow lines 
where the maximum head does not exceed 20 feet. It also is ideal 
for industrial venting 


Wall thicknesses of P.1.PIPE can be varied in any diameter to meet 
your specifications for crushing strength. This means you get the best 
possible pipe for your needs at the lowest possible cost 


The next time your plans include a non-pressure or low pressure 
pipe line, specify Sonoco PI. PIPE. .. and save time, labor, replace- 
ments, and money! 


For complete information ond prices, write 


SONOCO 
Construction Products 


SONOCO PRODUCTS COMPANY + HARTSVILLE, S. C. 
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TUBERCULATION 


National knows how to work quickly reducing supplementary 
labor costs and service interruptions. 


National knows how to clean the difficult jobs, including 
hard incrustations, unusual obstructions and pipes of 
unusually large or small diameter. 


National knows how to clean long runs with a minimum 
number of pipe entries. 

National knows how to avoid trouble, such as can occur 
from improper provision for drainage of flush water 
from large mains or from the use of excessive pressures. 
National knows how to clean so thoroughly that restoration 
of 95% of the original pipe capacity is guaranteed. 
National Know-How comes from over 40 years of 
experience cleaning water mains. 


Write or call today for information and prices. 


TIONAL water MAIN CLEANING COMPANY 
50 Church Street - New York, N.Y. 


ATLANTA 3, GA., 333 Candler Building * BERKELEY, CALIF., 920 Grayson Street ° 
BOSTON 15, MASS., 115 Peterboro Street * CHARLOTTE, N. C., 533 Hollis Road * 
CHICAGO, ILL., 8 So. Dearborn Street * DECATUR, GA., P. O. Box 385 * EL MONTE, 
CALIF., 2024 Merced Avenue * FLANDEAIU, S. D., 315 N. Crescent Street * KANSAS 
CITY, MO. 3707 Madison Avenue * MINNEAPOLIS, MINN. 200 Lumber Exchange 
Building * OMAHA, NEBR., 510 Standard Oil Bldg. * RICHMOND 21, VA., 2910 W. Clay 
Street * SALT LAKE CITY, UTAH, 502 West 3rd Street * SIGNAL MOUNTAIN, TENN., 
204 Slayton Street * VILLA PARK, ILL., 424 S. Yale Avenue * MONTREAL, CANADA, 
7445 Chester Avenue * WINNIPEG, MANITOBA, 576 Wall Street * BOGOTA, COLOM- 
BIA, Apartado de Correos #5 * SAN JUAN 10, PUERTO RICO, Manquinaria, Apartado 
2184 * LIMA, PERU, Bolivar 441-A, Marafi * CARACAS, VENEZUELA, Apartado 561 * 
HAVANA, CUBA, P. O. Box 531 + OSLO, NORWAY, Radhusgaten 30 
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makes this “white pipe” line | 


look like a gun barrel? y 2 


That “gun barrel” look is the hallmark of 
a superior sewer line. You'll find it wher- 
ever Johns-Manville Transite—the white 
sewer pipe—is used. That look is the big 
difference in the flow characteristics of 
the line, too! How come? 

You’ve been on track teams. Let’s sup- 
pose we have an event where the two con- 
testants and distances to cover are equal. 
One contestant is to run a straight line... 
the other a zig-zag course. Suppose, too, 
that the one on the zig-zag course has to 
clear three hurdles to every one for his 
opponent. Which runner would cover the 
distance quicker and easier? Of course! 

The more joints in a line, the more re- 
sistance to sewage movement. And this 
resistance can be even greater if the 
joints are aligned poorly —if misalign- 
ment is likely to occur after the line is in 
service. 

Transite’s long lengths, self-aligning 
joints mean fewer “jogs” in the line—pro- 
duces that “gun barrel” look. Thus, there’s 


less deflection of flow...sewage is carried 
faster so it reaches the plant fresher, low- 
ering the cost of treatment. And the nat- 
ural, smooth interior of Transite aids its 
superior flow characteristics—means flat- 
ter grades, shallower trenches — ground 
water tables reached at fewer points in 
the line. Add to this savings in handling, 
sheeting and installing, and it’s easy to 
see why the white sewer pipe, Transite, 
never stops saving you money. 

Why not drop Hartley a line to learn 
about Transite’s other long-term benefits? 
Ask for your “Facts and Data Book.” 
Write Johns-Manville, Box 14, JW-3, New 
York 16, N. Y. In Canada: Port Credit, 
Ont. Cable Address: Johnmanvil. 

COEFFICIENT OF FLOW: n = .010 
(MANNING FORMULA) 
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DORRCLONE 


DEGRITTING pays off at 
High Point Treatment Plant, N. C. 


Operating in combination with a 16’ dia. Dorr Detritor®, a 12” 
dia. DorrClone washes 190 gpm of grit from the collecting tank 
underflow at North Carolina’s High Point Sewage Treatment 
Plant. DorrClone degritting reduces subsequent treatment loads, 
improves overall capacity and efficiency. Equipment is simple, 
compact and has no moving parts. Plan above shows a typical 
installation. For more information, write Dorr-Oliver Incorpo- 
rated, Stamford, Connecticut. 


Consulting Engineer: Wm. F. Freeman Inc., High Point, N. C 
Contractor: F. L. Showalter, Inc., Lynchburg, Va 
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Sewage Works 


Air diffusion is an important unit 
operation which has been used in sew- 
ave and industrial waste treatment for 
many years but it is only recently 
that test procedures have been devel- 
oped to evaluate accurately the oper- 
ating efficiencies of various diffusion 
Even at the present time 
has not any general ac- 
ceptance of standard test procedures. 
In some cases it appears that diffusers 
have been rated for their oxygen ab- 
sorption efficiencies on the 


systems. 


there been 


basis of 
oxygen absorbed by a specific biologi- 
is actu- 
ally a process efficiency and measures 
both the absorption capacity of the 
biological suspension and the diffuser 
efficiency. 
pared to 


cal suspension. Sueh a result 


Such a rating can be com- 
testing the pumping effi- 


ciency of a centrifugal pump while 
pumping a 5- or 10-per cent slurry 


with the 
efficiency of the same pump handling 
clear water and under standard test 
conditions. Such data may be ex- 
tremely important but it is not ‘‘stand- 
ard’’ data which can be used to com- 
pare either the diffuser or the pump 


and expecting it to 


agree 


under other conditions of application. 

Oxygen absorption efficiencies of dif- 
fusers are of particular interest for 
the newer accelerated biological treat- 


ment 


processes because of the much 


* Presented at the 32nd Annual Meeting, 


Federation of Sewage and Industrial Wastes 
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greater oxygen demand rates and in 
the more conventional plants because, 
with the exception of labor, the cost 
of compressing the air is often the 
largest single operating expense. This 
study was undertaken to: (a) evalu- 
ate the absorption efficiencies of vari- 
ous commonly used air diffusion de- 
vices under standard conditions that 
would be applicable to full seale in- 
stallations, obtain informa- 
tion about the diffusion process which 
could be used to improve aeration effi- 
ciencies, and (c) present the results 
in a form that would be useful to the 
designing engineer. 

The only unit of measure applicable 
to the evaluation of all types of aera- 
tion devices is the quantity of power 
required to dissolve a unit weight of 
oxygen. This power efficiency must 
be used for air diffusers with varying 
submergences and for all types of me- 
chanical aeration However, 
since most aeration installations are 
of the diffused air type with a fixed 
submergence, it is possible to simplify 
the evaluation by comparing the weight 
of oxygen absorbed by the liquid to the 
weight of oxygen supplied in the air 
to the diffuser. This eliminates the 
need for considering the efficiency of 
the air compressor, a variable inde- 
pendent of the diffuser system. 

For the purpose of this study the 
term ‘‘diffuser efficiency’’ is used to 
indicate the quantity of oxygen ab- 
sorbed by the liquid in per cent of 


basic 


devices. 


: 
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SULFITE CONCENTRATION - mg/! 


2 


TIME - HOURS 


FIGURE 1.—Effect of catalyst concentration on rate of sulfite depletion in 


that supplied to the diffuser at ‘‘stand- 
ard’’ conditions. 


Selection of Standard Conditions 


Important variables involved in es- 
tablishing ‘‘standard’’ conditions for 
testing diffusers efficiencies inelude: 
(a) absorbing liquid; (b) method of 
measuring, computing, and reporting 
rate of oxygen uptake; (c) tempera- 
ture of absorbing liquid; and (d) 
geometry of test tank. 


The Absorbing Liquid 


The first step in establishing stand- 
ard test conditions is to select the 
liquid into which the oxygen is to be 
absorbed. One method is to diffuse air 
into a solution of sodium sulfite and 
measure the rate of depletion of the 
sulfite. This is chemically simple and 
easily understood and has been widely 
used in the past. A copper or cobalt 
catalyst generally is used to increase 
the absorption rate of the sulfite. Ex- 
perience with sulfite has, however, in- 
dicated that it is difficult to duplicate 


laboratory test tank. 


results. Figure 1 shows the effect of 
varying the concentration of cobalt 
chloride as a catalyst in a small labora- 
tory diffused air test tank. All con- 
ditions, including rate of air flow, tem- 
perature, sulfite concentration, and 
diffuser were the same for all runs. 
It is obvious that the rate of absorp- 
tion is a function of catalyst conecen- 
tration. Temperature and sulfite con- 
centrations also affect absorption rates. 
It is apparent from this and other 
tests that sodium sulfite simply can- 
not be utilized for ‘‘standard’’ test 
conditions. The sodium sulfite method 
is, however, a convenient method for 
creating non-standard conditions in the 
laboratory to simulate certain biologi- 
eal suspensions having an exceedingly 
high oxygen demand. 

The direct measurement of oxygen 
utilization in a biological suspension is 
likewise unsatisfactory for comparing 
diffusers in different locations because 
this is actually a process absorption. 
Similar to sulfite with varying catalyst 
concentrations, the rate of oxygen up- 
take varies from time to time depend- 
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ing on the quality or demand of the 
and thus a biologieal sus 


considered ‘‘stand 


suspension, 
pension cannot he 

Tap water has been used as the oxy- 
gen absorption media. It has proved 
very satisfactory in the current study 
and is recommended as a ‘‘standard”’ 
media. Additional is indicated 
to determine the exact variation in ab- 
sorption rate for varying water qual- 
ity but it appears that this variation 
will be well within the 
ceptable accuracy. 


work 


limits of ae- 


Measuring, Computing, and Reporting 
the Rate of Uptake 


The two-film theory explaining the 
phenomenon of oxygen 
from the bubble to the liquid was ex- 
plained by Louis and Whitman (1) 
25 years ago but it until 
1952 that Ippen ef al. (2) presented 
their detailed study showing the ap- 
plication of this theory for the ecompu- 
tation of 


transfer of 


was not 


oxygen absorption rates in 
This method has been further 
deseribed and developed by Gaden (3), 
Zieminski ct al. (4), and others. 

When the two-film theory is applied 
for measuring oxygen absorption rates 


water. 


10 
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a quantity of water is first deoxygen 
ated until the dissolved oxygen is re 
duced to approximately zero. Aera 
tion is then started and the rate of 
oxygen uptake is measured. For this 
study the water was deoxygenated by 
adding a slight excess of sodium sul- 
fite in solution with cobalt catalyst. 
Bewtra (5) has shown that with the 
cobalt catalyst, oxidation is so rapid 
that the dissolved oxygen remains at 
zero until the sulfite is completely ex- 
hausted. Thus, there is no appreei- 
able error resulting from the sulfite 
being present just before the oxygen 
absorption curve is started. However, 
the number of runs completed with one 
tank of water is limited to avoid ex- 
cessive accumulation of sodium sulfate 
in the water. 

After aeration the rate 
of increase of dissolved oxygen is meas- 


is started 


ured by taking a series of dissolved 
oxygen samples at regular intervals 
and titrating for dissolved oxygen ac- 
cording to the azide modification of the 
Winkler method as outlined in ‘‘Stand- 
ard Methods”? (6). This method is 


satisfactory for full scale work where 
the volume of sample used is insig- 
in relation to the total media 


nificant 


10 
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FIGURE 2.—Typical plot of oxygen uptake rate in water. 
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volume 
tion tanks, the polarographic method 
as outlined in ‘‘Standard Methods”’ is 
preferable. 

Computations for the rate of oxygen 


Kor smaller laboratory aera 


absorption are based on the basie rela- 
tion presented by Ippen ef al. (2 

de 
dt W 


where 

de 

it Rate of change of dissolved oxy- 

‘ gen concentration in the liquid 
mg/l/hr; 

W = weight of water in tank, lb; 

A interfacial or absorbing area, 
Sq 

K coefficient of oxygen absorption, 


Ib oxygen, hr sq ft unit con- 
centration difference in mg/1; 

C; equilibrium concentration of oxy- 
gen at the phase interface, mg | 


(assumed to be = saturation at 


mid-depth over diffuser) ; and 
C; concentration of oxygen in the 
liquid at time f, mg | 
Integrating this relation gives: 
10 
OL 16 (2) 
( 2.300 
where 
C. initial concentration — of 


oxygen in liquid, mg I. 
For plotting 
the axis is adjusted so that 


purposes 


Co= at 0. Thus 
C; satura- 
tion at mid-depth over dif- 
fusers.); and 


oxygen saturation deficit 
in the liquid, mg, 1. 


( 
By plotting vs time on semilog 
| KA is d 
yaper the vaiue — is deter- 
pay 2.301 


mined from the slope of the plotted 


values. Figure 2 shows a typical plot 
’ 
Chen 


2.30. 
dt 


slope Cc; — ( 
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If Cy, is 


tuken as zero, the rate 


de 
78 the rate of oxygen absorption into 


the water in mg |/hr at zero dissolved 
oxygen. ‘The diffuser efficiency is then 
computed from the rate of oxygen 
contained in the air input to the tank 
and the rate of oxygen absorbed into 
the water (at zero dissolved oxygen). 


Temperature of Absorbing Liquid 


Twenty degrees centigrade was ap- 
parently adopted by Ippen ct al. (2) 
and Zieminski ef al. (4) for their work 
and since this is also the temperature 
BOD work, it 
adopted as the standard temperature 


for standard has been 


for this study. 


Test Tank 


Geometry of 


The importance of the size and shape 
the test the 
absorption — efficiencies — has 
been indicated by Eckenfelder (7), so 
that it was apparent that this factor 
should be considered in any evalua- 
A study of 
the effect of geometry was undertaken 


or geometry of tank on 


oxygen 


tion of diffusion devices. 


in the special two-column aeration tank 
(8) shown in Figure 3. Each column 


and when in normal 


water dept h is 


is 9 in. square 

the main- 
tained 7 in. deep in the head tank to 
give a total water depth of 11 ft 2 in. 
The diffuser under study is mounted 
in the left column, 1 ft 9 in. 
the tank bottom to provide a submer- 


operation 


above 


genee of 9 ft 5 in. 

In operation, the air-water mixture 
rises in the left column, the air is re- 
leased in the head tank, and the water 
returns down the right column. Thus, 
the 


9-in. square elements in a conventional 


two columns of water represent 
spiral flow aeration tank, the left col- 
umn representing an element adjacent 
to the aeration side wall, and the right 
ad- 
Air 


flow rates were measured with a stand- 


element 
jacent to the opposite side wall 


column representing an 


ard orifice meter and water circulation 


: 
‘ 
a 

: 
\ 
. 
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rates were measured with a traverse 
pitometer near the bottom of the right 
column, as shown in Figure 3. 

To operate as a single-column tank, 
a membrane was placed across the col- 
umn joint just below the diffuser and 
the water surface was lowered to be- 
low the bottom of the head tank. Fig- 
ure 4 shows the diffuser efficiency of 
a porous media diffuser 6 in. long in 
this tank: (a) with water recireula- 
tion, two columns operating; (b) with- 
out recirculation, membrane in place; 
and (ec) without recirculation, with the 
data corrected to the same submergence 
depth as for the two-column opera- 
tion. These data indicate that the 
oxygen absorption with the conven- 
tional spiral flow system is only about 
60 per cent of the absorption obtained 
with the same air flow in a single con- 
fined column. The reason is that in 
the confined column there is violent 
turbulence developed between the cen- 
trally rising air-water mixture and the 
adjacent water flowing down the eol- 
umn to replace that which is carried 
up in the air-water stream. Bubbles 
are retained in the downward stream, 
also larger bubbles are broken in the 
turbulence and undoubtedly the coeffi- 
cient A is increased. Although the 
single column efficiency cannot be du- 
plicated readily in a large areation 
tank, this comparison does indicate the 
tremendous effect of tank geometry. 
It is thus apparent that data from 
studies condueted with diffusers in 
small confined tanks cannot be ex- 
pected to be comparable with data for 
the same diffuser in a large tank where 
circulation is free. 

Even though it was thought that re- 
sults from the two-column tank were 
equivalent to those in a large tank, it 
could not be considered standard un- 
less it could be compared to results 
in a full seale tank. 


Full Scale Test Tank 


The full scale oxygenation test tank 


was designed to test the oxygen ab- 
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FIGURE 3.—Two-column laboratory 
aeration tank. 


sorption efficiencies of various diffuser 
systems under ‘‘standard’’ conditions 
that would be comparable to full seale 
installations. The use of this tank 
should eliminate much of the confu- 
sion which existed from trying to extra- 
polate from various scale studies and 
field tests where ‘‘standard’’ eondi- 
tions cannot be established. 

The test tank is a 4-ft long section 
of a conventional aeration tank, 24 ft 
wide and 15.5 ft deep, with a capacity 


it? 

4 | 
— 
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OXYGEN ABSORPTION 


a20 Q30 


AIR 6-IN. LONG DIFFUSER 


040 0.50 O60 


CFM 


FIGURE 4.—Saran tube efficiency in two-column aeration tank. 


10,000 gal as shown 
in Figure 5 Ten 
front four on the end _ pro- 
vide visual inspection of the aeration 
in progress. City water is used to fill 
the tank circulation 
provided to circulate the water through 
either of 


of approximately 
windows on the 
side and 


and a system is 


two heat exchangers. One 


heat exchanger is connected to the 
laboratory heating system to raise the 
temperature of the water and the other 
is connected to a four-ton refrigera- 
tion unit to cool it. The air supply 
for the consists of three 40-cfm 


and one 12-cfm positive displacement 


tank 


blowers connected to a common mani- 


FIGURE 5.—Full scale oxygenation test tank. 
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fold and metered through an_ orifice 
meter. In addition, a 120-cfm capacity 
rotameter can be operated in series 
with the orifice meter as a double 
check of the air flow rate. The pulsa- 
tions from the blowers are absorbed 
by passing the air through both a 
small receiver and a muffler between 
each blower and manifold. secause 
of this, accurate operation of the air 
flow meters is assured. The air piping 


FIGURE 6.—Saran tube efficiency in terms of air flow per diffuser. 


is adjustable so that any type of dif- 
fuser can be installed in the tank to 
study its efficiency in the conventional 
position for spiral flow, or any other 
position, 

In addition to the oxygenation rate 
studies, the various aeration devices 
have been studied photographically 
with high speed stereo-cameras utiliz- 
ing an exposure of 1/5,000 
1/10,000 see and with a high speed 


20 


% 
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FIGURE 7.—Saran tube efficiency in terms of air flow per foot of tank. 
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FIGURE 8.—Sparger efficiency 


movie camera operated at 600 frames 
per second. Although the photographie 
approach does not give quantitative 
data it does provide valuable and _ in- 
teresting information not available by 
direct The 
are particularly valuable for indicating 
the true shape and form of the bub- 
bles, and the |} 


at 16 


observation stereo views 


ugh speed movie when 


viewed 


frames per second, ap- 


in terms of air flow per diffuser. 


coalescence IS 


indicate 


to that 
not a problem in aeration tanks. 


pears 


Saran Porous Media Diffusers 


Standard 


Saran diffuser tubes 2 ft 
long by 3 in. outside diameter, wound 
20 per in. 
the aeration tank in 
spiral flow position. 
the 


turns were mounted in 


the conventional 
They were 2 ft 


above bottom of the tank, and 


20 
16 
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FIGURE 9.—Comparison of sparger and disc type diffuser efficiencies. 


ay 
20 
te 
5 
‘ 


DIFFUSER 


EFFICIENCIES 


1055 


FIGURE 10.—Shear box bubble formation. 


adjacent and normal to the 4-ft side 
of the tank. This setting provided 
a submergence of 12 ft 9 in. Oxygen 
absorption efficiencies were determined 
with two, tubes. The 
resulting efficiency curves are shown 
in Figure 6. At the rated capacity of 
6 cfm per tube, the efficiency varies 
from 11.3 per cent with 115 tubes per 
foot of tank to 12.6 per cent with 
on tube per 2-ft length of tank. 

The same data have been replotted 


four, and six 


in Figure 7 to show oxygen absorp- 


tion efficiency for various air flows per 


foot of aeration tank with 2, 4, and 


6 tubes. It is apparent that for any 
given air demand per length of tank, 
increasing the number of tubes or re- 
ducing the unit rate of flow results 
in improved efficiency. 


Sparger and Disc Type Diffusers 


Spargers, each with four 5/16-in. 
diameter holes radiating horizontally 
from the center and 3-in. dise type 
diffusers (both as currently manufac- 
tured * ) 
sorption 


were checked for oxygen ab- 


efficiency and results are 


* Manufactured by Chicago Pump Co., Chi 
cago, Th. 
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shown in Figures 8 and 9. 


8 shows the efficiency for 2, 4, 


Figure 
and 6 
spargers per 4-ft length of tank, and 
Figure 9 shows that spargers and dise 
type diffusers have similar oxygen ab- 
sorption efficiencies. In each of these 
tests the diffusers were mounted in the 
conventional position, in a row 1 ft 
away from the wall and at an eleva- 
tion such that the air discharged 2 ft 
3 in. above the tank floor to provide 
12 ft 3 in. of submergence. 

It is curves 
that at the rated capacity of 15 efm 
these diffusers have an absorption effi- 


apparent from these 


ciency of 6.4 per cent and this same 
efficiency applies for 2, 4 

4-ft leneth of 
apparent that 
hold for all flows except possibly for 
the slightly higher efficiency at the 
low flows per foot of tank. 


and 6 units 
tank. It is also 


these efficiency values 


per 


Hydraulic Shear Diffusers 


It was demonstrated that hydraulic 
shearing induced high oxygen 
absorption rates when the aeration col 
umn 


forces 


was confined within the single 


column of the two-column tank (Fig- 
This principle of 


ure 3). hydraulic 


20 
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shear has been applied in two aeration 
devices and studied in the large full 
scale test tank. 

The shear box is simply a sheet metal 
box 7 in. square and 12 in. deep, open 
at the top. In its elemental form the 
box is placed in the bottom of the aera- 
tion tank and air is discharged from 
an open pipe at the bottom center of 
the box. The air forms bubbles in the 
water and the resulting air-water mix- 
ture lighter than water flows 
up and out of the shear box into the 
Water into the 
box to replace that which is carried 
out in the mixture. The 
centrally rising air-water mixture and 


being 


aeration tank. flows 


air-water 


the downward moving replacement wa 
ter all flowing within the limited space 
of the turbulence 
or hydraulic shear whieh breaks the 


shear box create a 
large bubbles emanating from the air 
inlet pipe into many smaller bubbles 
and develops the localized turbulence 
desired for increasing oxygenation effi 
cieney (Figure 10 The 7- x 12-in. 
deep boxes were studied for air flows 
varying from 4 to 30 efm per box. 
Other sizes and shapes were tried for 
the boxes but on the basis of this pre 
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FIGURE 11.—Shear box efficiency in terms of air flow per diffuser. 
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liminary study the size selected 
peared optimum. 

In operation, the shear boxes 
placed on the floor of the large test 
tank in a line one foot from the side 
wall, in the conventional position for 
spiral flow diffusers. Figure 11 shows 
the efficiency with one shear box and 
with three shear boxes per four-foot 
leneth of aeration tank. 

The venturi-type diffuser was de- 
veloped to utilize hydraulic shearing 


yrces. 


ap- 


are 


It is a short venturi tube open 
at both ends, placed in a vertical po- 


sition in the large aeration tank. In 
operation, air is discharged from a 
pipe at or below the throat of the 
venturi and the air-water mixture 


flows up through the venturi and dis- 
charges into the large aeration tank. 
The difference in the specifie gravity 
of the air-water mixture in the venturi 
and its discharge pipe as compared to 
the specific gravity of the water sur- 
rounding the venturi provides the 
necessary head for creating the flow 
through the venturi, as in any a'r lift 
pump. However, in the venturi dif- 
fuser the energy is all expended in 
accelerating the water through the 
venturi since there is no statie lift. At 
the throat of the venturi where ve- 
locity is maximum, the shearing forces 


within the flow break the large bub- 
bles issuing from the air pipe into 
many small bubbles similar to those 


produced by the usual porous media 


diffuser. In Figure 12 the lower pie- 


ture shows the large air bubbles is- 


suing from an open pipe and the start 
of the bubble breakup in the throat 
of the venturi. The upper photo is the 
resulting air-water mixture issuing 
from the 
diffuser. 


rate of 15 efm in the 9-in. square unit. 


top of a 5-ft long venturi 
soth views are at an air flow 


Figure 13 is the efficieney curve for 
this diffuser. It was 
mounted with the inlet 10 in. above the 
bottom of the 


venturi 


sabe 


tank and the 
tube was 5 ft long over-all. 


aeration 


The point 
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FIGURE 12.—Venturi-type diffuser 
bubble formation. 


of air discharge had a submergence of 
13 ft 7 in. 


Conclusions 


1. A ‘‘standard’’ method for evalu- 
ating oxygen absorption characteristics 
air diffusion devices is 
necessary, both to evaluate existing sys- 
tems and to earry on studies for fur- 


for various 
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FIGURE 13.—Venturi-type diffuser efficiency. 


ther improvements in absorption effi- 
clencies, 

2. The rate of oxygen uptake in any 
tank with a given diffuser is dependent 
on the absorbing media. It is shown 
that the absorytion rate in sodium sul- 
fite solution is dependent on the con- 
centration of the catalyst and other 
variables. Sodium sulfite and biologi- 
eal suspensions are not satisfactory 
‘*standards.”’ 

3. The rate of oxygen uptake is de- 
pendent on the shape and size of the 
tank in which it is tested. The oxygen 
absorption rate of a specific diffuser 
tested in a confined column was 167 
per cent of its absorption rate in a 
normally circulating flow of water. 

4. It is recommended that for 
**standard’” conditions, diffusers be 
tested for their oxygenation rate in 
a full-size tank in clear tap water at 
20°C and zero dissolved oxygen. The 
oxygen absorption rates for air diffu- 
sion devices currently used in spiral 
flow aeration tanks are shown as tested 
in a tank 15.5 ft by 24 ft in cross see 
tion at ‘‘standard”’ conditions 

5. When the air-water mixture, at 
the point of air introduction into an 


aeration tank, is properly controlled, 
the bubble-liquid interfacial area and 
liquid turbulence are inereased as a 
result of the development of hydraulic 
shearing forces. This results in in- 
creased oxygen uptake rates and im- 
proved aeration efficiency. 


Acknowledgments 


These studies were carried on in the 
Domestic and Industrial Wastes Lab- 
oratory at the State University of Iowa, 
lowa City, lowa, and were financed by 
a University research grant from the 
Chicago Pump Company, Chieago, 
Illinois. 

The authors are indebted to David 
A. Long, Research Associate, and to 
Ward L. Akers and William R. Nicho- 
las, Research Assistants, for their help 


in conducting these tests. 


References 


. Lewis, W. K., and Whitman, W. G., ‘‘ Prin 
ciples of Gas Absorption ** Ind. and 
Eng. Chem., 16, 12 (Dee. 1924 


Ippen, A. T., Campbell, L. G., and Carver, 


Cc. E.. Jr. Determination of 


| 
20 
| 
| | = 
| TANK 
14.5" 
| 
| | 
| | 
| | 
0 
4 24 28 32 


DIFFUSER EFFICIENCIES 1059 
Oxygen Absorption in Aeration Proe State University of Iowa, Iowa City, 
esses.’’ Massachusetts Inst. Tech. Hy Iowa (1959). 
drodynamies Lab. Tech. Rept. No. 7 6. ‘‘Standard Methods for the Examination 
(May 1952). of Water, Sewage, and Industrial 
3. Gaden, E. L., Jr., ‘f Aeration and Oxygen Wastes.’’ 10th Ed., Amer. Pub. Health 
Transport in Biological Systems Assn., New York (1955). 
Sasic Considerations.’’ In ‘*‘ Biologi 7. Eckenfelder, W. W., Jr., ‘‘ Factors Affect 
cal Treatment of Sewage and Indus ing the Aeration Efficiency of Sewage 
trial Wastes,’’ Vol. 1, p. 172, Reinhold and Industrial Wastes.’’ Sewage and 
Publishing Corp., New York (1956). Industrial Wastes, 31, 1, 60 (Jan. 
4. Zieminski, S. A., Vermillion, F. J., Jr., 1959). 
and St. Ledger, B. G., ‘‘ Aerator De 8. Al-Ani Najmiddin, A. L., ‘‘ Experimental 
sign and Development.’’ Sewage and Study of Factors Affecting Oxygena- 
Industrial Wastes, 30, 10, 1248 (Oct. tion Efficiency With Diffused Air 
1958). Aeration.’ Dissertation, State Uni- 
5. Bewtra, J. K., ‘fOxygen Uptake Rate in versity of Towa, Iowa City, Lowa 
Water From Diffused Air.’’? Thesis, (1958). 


OPPORTUNITIES IN MICHIGAN 


The Michigan Department of Health has four openings for engineer- 
ing personnel. These are tabulated below: 


No, Openings Civil Service Classification Salary Range 


Water Sanitary Engr. II $7 ,G00-$9 354 
Environmental Health 2 Sanitary Engr. IIT $7 ,G00-$9,354 
Environmental Health Sanitary Engr. I] $6,410-$7 646 


Minimum qualifications for the Sanitary Engineer II are a bachelor’s 
degree in civil, sanitary, or chemical engineering with a minimum of one 
year’s experience. 

Minimum qualifications for the Sanitary Engineer III are the same 
academic requirements and two year’s experience. 

The top of the salary range for each grade is reached in four annual 
increments. 

Further details of job description and duties and applications may 
be obtained from Dr. Albert E. Heustis, State Health Commissioner, 
Michigan Department of Health, Lansing 4, Michigan. 


Section 
: 


Northwestern University Technological Institute, Evanston, IU. 


Extensive field observations and re- 
search studies (1)(2)(3) have shown 
that under proper conditions several 
species of algae may grow vigorously 
in wastewaters containing moderate 
concentrations of organic materials. 
In conventional stabilization ponds, 
aerobic bacteria depend fo some ex- 
tent upon oxygen produced photo 
synthetically by algae as an oxidizing 
agent in metabolic reactions by which 
they stabilize the organic wastes. 
Properly operated stabilization ponds 
can produce an effluent which is com 
parable in quality to that produced 
by any other biological sewage treat- 
ment process. 

Some attention has been given to 
the possibility of employing stabiliza- 
tion ponds as units for algae produe- 
tion as well as waste treatment (4), 
thus reclaiming the nutritive value of 
some waste materials. It has been 
shown that small unicellular algae, 
particularly Chlorella and Scenedes- 
mus, may reach significant populations 
(about 300 mg/l of algae cells) in 
stabilization ponds which are operated 
at short detention periods when the 
light intensity is great enough (3 
To produce an acceptable effluent from 
the ponds operated as algae produe- 
tion units, it is necessary to remove 
the algal cell material Because of 
the small size of Chlorella and 
Necenedesmus, the algal cells may be 
removed from the effluent only at con- 
siderable expense and the technical 
difficulties of handling and drying the 
harvested algae at a reasonable cost 
are great. 

This investigation was undertaken 
determine if there 


as an attempt t 
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algae which would 


vrow satisfactorily with bacteria in 


are filamentous 


water containing organie wastes and 
which might be harvested more eco- 
nomically than the algae already stud- 
ied. A review of the literature indi- 
cated several genera of filamentous 
blue-green algae and a few filamentous 
vreen algae do occur in highly pol- 
luted waters. 

Preliminary experiments with the 
filamentous green algae Ulothric and 
Hormidium were disappointing, 
though some growth of Hormidium 
was obtained. However, a strain of 
Oscillatoria, a filamentous blue-green 
alga which grows quite well in sewage, 
was obtained and it was decided to 
proceed with experiments to determine 
the growth characteristies of this alga 
in sewaee and other organie wastes. 


Methodology 


The particular strain of Oscillatoria 
employed in this investigation was iso- 
lated from a sample of domestie sew- 
age collected at the Northside sewage 
treatment plant of the Chicago Metro- 
politan Sanitary District. The Oseil- 
latoria growth was observed in the 
sewage after it had been sitting in the 
laboratory in a covered container for 
a period of three weeks. 

The experimental growth — studies 
were condueted in vertical glass tubes 
having a diameter of 60 mm and a 
liquid volume of 1 1. Figure 1 is a 
photograph of the growth units. Mix- 
ing of the growth substrate was ac 
complished by bubbling air upward 
from the bottom of the growth units 
The culture received a light intensity 


— 

| 
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3 

Re 


Vol. 32, No. 10 


OSCILLATORIA 


at the surface of 100 ft-e which was 
supplied by fluorescent lights. The 
operation of the growth unit was inter- 
mittent. Feeding of nutrient solution 
and removal of effluent was acecom- 
plished manually twice a day in 
amounts depending on the desired de- 
tention period. The temperature of 
the cultures was maintained at 27°C 


The collected effluents were 
analyzed for pH, total alkalinity, 
COD using the dichromate reflux 


method, organic and ammonia nitro- 
ven, and, in some experiments, BOD. 

ach culture initially was seeded 
with 250 mg dry weight of Oscilla- 
foria. The algae were allowed to ae- 
cumulate in the growth units and were 
harvested after the 14-day experi- 
mental periods. The total volume of 
the settled algae was measured and a 
known volume of algae was dried to 
weight at 103°C. The algae 
were analyzed for protein, ether ex- 
tract, and ash All deter- 


constant 


contents. 


minations were carried out according 
to the procedures deseribed in ‘* Stand- 
ard Methods’’ (5). 


FIGURE 1.—Growth culture units. 
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TABLE I.--Analysis of Sewage and Skim 
Milk Media 


Concentration (mg/l) 


Constituent 


Sewage Skim Milk* 
Total solids 448 1,166 
Ash 88.8 
Total nitrogen 19.4 57.2 
Organic nitrogen 5.3 55.2 
Ammonia nitrogen 14.0 2:3 
BOD 630 
COD 1,050 
Lactose 509 
Alkalinity 220 160 
pH 7.8t 6.8t 


* 1 g/l skim milk in tap water. 
+ pH units. 


The experiments were carried out 
in four series, each series consisting of 
three cultures having different deten- 
tion periods (2, 4, and 6 days). The 
growth medium employed in Series | 
was domestic sewage, in Series II it 
was dried skim milk at a concentration 
of 1.0 g/1 in tap water, in Series III 
it was 1.0 g/l skim milk in tap water 
plus 10 ml sewage per liter, and in 
Series IV it was the skim milk at a 
concentration of 1.5 g/l. The analy- 
sis of the sewage and skim milk which 
was employed as the growth medium 
are presented in Table I. 


Results 


The data showing growth rate and 
yield of Oscillatoria for different de- 
tention periods in a municipal sewage 
and in the skimmed milk media which 
simulate a dairy waste are shown in 
Table II. The third column of the 
table is the concentration of the algal 
material which settled from the ecul- 
ture at the end of the 14-day growth 
period less the concentration of Os- 


cillatoria which was used as an in- 
oculum. The fourth column is the 
growth rate of the Oscillatoria per 


liter per day and was obtained by 
dividing the values given in the third 
column by 14 days. The last column 


<3 
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TABLE II. Rates of Production of 
Oscillatoria in Organic Wastes 


Detention ( 4 Total 

Nol | Reriod Rate Grow! 
I-1 2 2,276 163 325 
[-2 } 2.150 154 O14 
2 OSS 144) 208 
1 O46 11S 171 
11-3 6 1.395 100 508 
2.080 149) 207 
6 1,470 105 630 
IV-1 2 2,249 161 320 
IV-2 1,795 128 513 
IV-3 6 1,573 112 674 


vives the total algal growth per liter 
of waste processed, 

The results of Series I experiments 
using municipal sewage as the growth 
medium indicate that Osecillatoria 
grows well in municipal sewage and 
will produce a relatively high yield 
under conditions of low light intensity. 
The average daily yields are consider- 
ably lower than would be expected 
were the growth units operated con 
tinuously with an algal concentration 
close to that reached near the end of 
the 14-day period of the experiments. 
The NH.-N in the sewage was removed 
by the algae as rapidly as it was added 
to the media after the first 2 or 3 days 


TRNAL 


WPCF 
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of growth. There was relatively little 
organie nitrogen available for conver 
sion to NH.-N hy the bacteria. The 
limited quantity of ammonia partly 
accounts for the much greater growth 
rate for the 2- and 4-day detention 
periods and the larger yield of algae 
per liter of sewage processed for the 
t-day detention period. 

The data from Series Il and Series 
experiments indicate that Oseil- 
latoria grow about as well in’ the 
skimmed milk as in the sewage. Ap- 
parently, the addition of 10 ml/1 of 
sewage to the skimmed milk had little 
effect on the growth. Total production 
of algae in the Series II and III ex- 
periments was about the same as that 
of the Series | experiments even though 
the skimmed milk media contained a 
vreater concentration of organic ma- 
terial and a much greater concentra- 
tion of nitrogenous compounds. It is 
likely that the growth rate of the 
Oscillatoria in all three series was 
limited by the low light intensity at 
the surface of the culture and was not 
dependent on the concentration of any 
nutrient in the culture medium. 

The data from Series IV experi- 
ments indicate only a 10-per cent in- 
crease in the total algae production 
although the concentration of nutrients 


in the medium was 50 per cent greater. 


TABLE III. Analysis of Cultures at the End of 14-Day Growth Period 


I Sewage 

I-2 
1-3 | 6 1.014 
II-1 Milk (1 2 O88 


Milk (1 g/l 


tsewage (10 ml/1 2 2,080 

[11-2 1,681 

111-3 | 6 1.470 

IV-1 Milk (1.5 g/1 2 2,249 

IV-2 1 1,795 


NHa-N cop BOD 


me | mg | 


0 


ibe OF 


7.9 140 6.2 12.1 1) 3.6 
79 141 10.0 6.2 124 10.6 
160 8.4 1.5 

Tia 200 11.7 13.4 232 34.1 
7.8 198 16.8 12.8 182 21.8 


: 
i 
2 
f 
; i 
5 
43 
| 
: 
: 
Deten 
Alawac 1 (organic 
No Culture Medium Period | Come. | PH | (mg : 
9.1 100 0 0 = 
7.0 75 re 
200 6.3 11.0 
1.646 180 8.0 6.1 
6 1,395 
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Supernatant COD (mg/1) 


'23465 6 7869 WH 2 


Time of Culture ( days) 


FIGURE 2.—Reduction in COD by 


Oscillatoria. 


This also suggests that algal growth 
was limited by light intensity. 

Also of considerable interest in this 
study was the degree of purification of 
the organic waste which accompanied 
the algae growth. Table IIT presents 
the analysis of the supernatant liquid 
which remained at the end of the 14- 
day growth period. By comparing 
the data in Tables IIT and I, it may be 
seen that the reduction in BOD for 
the cultures in which it was determined 
was about 97 per cent. Corresponding 
reductions in COD varied from 80 to 
9O per cent. 

The decrease in COD and BOD of 
the effluent from the cultures for Ex- 
periments ITI-1, I11-2, 1V-1, and I1V-2 
is shown graphically in Figures 2 and 
3. The amount of oxidizable material 
in the effluent decreased rapidly dur- 
ing the first two or three days the eul- 
ture was operated ; thereafter it leveled 
off to an almost constant value. Ap- 
parently, it required only a short time 
for the proper bacterial population to 
be established. 

Table IV presents the chemical com- 
position of the harvested algae in terms 
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of protein, ether-extracted fat, and 
ash as a per cent of total dry weight. 
The protein content of the sewage- 
grown algae is very low because of the 
limited nitrogen in the sewage medium 
and the ash content is high. On the 
other hand, the protein content of the 
algae grown on skim milk was high 
because of the NHs-N which was 
available to the algae. It is assumed 
that carbohydrates account for the dif- 
ference between 100 and the sum of the 
percentages for protein, fat, and ash. 
The amount of carbohydrate in the 
sewage-grown algae is larger than usu- 
ally found. 


Discussion 


A steady-state condition with respect 
to algae population was not main- 
tained; hence, the algae yields are 
average values. Studies of yields of 
Chlorella and Scenedesmus have been 
made under steady-state conditions and 
higher light intensities. Oswald ef al. 
(4) report for Chlorella pyrenoidosa 
in sewage under light intensity of 1,200 
ft-¢ maximum yields of 115 mg/1 in a 
growth unit similar to the one used in 


Supernatant BOD (mg/!) 


T 


Time of Culture ( doys) 


FIGURE 3.—Reduction in BOD by 


Oscillatoria. 
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TABLE IV 


Chemical Composition 
of Oscillatoria 


Medium Proteit Extracted \ 
la 
sewage 21.5-25.0 19.0 17.0 
Skim milk 10.9-44.4 | 18.3-25.3 | 6.6-6.2 


these experiments. They also found a 
maximum yield of 85 mg/l for Euglena 
gracilis growing under a light intensity 
of 1,200 (6 
wald and Gotaas report yields of over 
300 mg/l for Chlorella and 
mus in sewage having a BOD of over 
500 mg/l with a light intensity at 900 
ft-c and a detention OL 3.20 
When it that the 
light intensity for the experiments re 
ported herein was only 100 ft-c at the 
the that the 
were allowed to accumulate 


In other studies, Os 


Secnedes 


period 


days. is considered 


surface of culture tube, 
older algae 
in the growth unit, and that the culture 
small aleae in- 
150) mgyl/day 
compare very favorably with those for 
unicellular Also, 
600 mg per liter of waste processed are 
for the low leht 
Observations of COD 
BOD in milk 
culture show 80 to 90 per cent removal 
of COD and 95 to 97 
of the BOD. These 
higher than those obtained by Oswald 


was started with a 


oeulation, vields of 


yields up to 
excellent intensity. 
reduetion in 
and o-day the skimmed 
per cent removal 
results are a little 


etal. in the effluents from sewage cul 
Chlorella } BOD is re 


duced by the action of aerobie bacteria 


tures of 
and a high degree of removal would be 
expected for the detention periods used 
aerated 
sludge 
type of floes were not observed. Ap 


since the cultures were Con 


llowever, activated 


tintiousls 


parently the bacteria were growing 


either more-or-less 
tached to the algae 

Figure 4 
minutes’ settling in the 


dispersed or at 
cell surfaces. 

shows the algae after five 
culture tubes 
The settled algae filter easily to a cake 
containing less than 80 per cent mois 
ture. unicellular 


In contrast to small 
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algae, Oseilatoria do not present filter 
clogging problems 

The mixed 
stabilization pond do not settle, but re 


unicellular aleae in a 


Inain suspended in the liquid. Some 
sedimentation of or- 
The bot- 
tom material continues to decompose 


coagulation and 


ganic matter does take place. 


and the decomposition products become 
lence 


biological 


available as food for the algae. 
there three 
erowth in the pond: (a 


are phases of 
stabilization 
of organic matter on the pond bottom, 
») stabilization of organie matter by 


bacteria suspended in the liquid, and 


c) algae growth in the part of the 
liquid penetrated by light. If Oseil- 
latoria or another filamentous algae 


will grow suspended in the liquid they 
could be harvested by a simple me- 
filtered to a 
if the 
specific growth rate of the filamentous 


chanical operation and 


cake fairly economically. Even 
algae were less than that of unicellular 
algae, maintenance of a large concen 
tration of algal cells in the pond might 


make possible 


a larger yield per unit 


FIGURE 4.—Oscillatoria after five minutes’ 
settling. 
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than can be 
achieved with unicellular algae. 
Another problem of a practical na- 


ture is whether the smaller algae would 


area of pond = surface 


overgrow and shade out Oscillatoria. 
If Oseillatoria or other filamentous 


algae can be made to remain suspended 
in the pond liquid, the detention time 
of the pond might be made sufficiently 
that the free-floating 
algae cannot build up a high enough 


short so small 
concentration to prevent the growth of 
filamentous algae. Whether protozoan 
which would feed on the 
algae could be controlled in a pond 
when the algal mass was more or less 
stationary is not known. 


organisms 


It is possible that a plant which does 
not root, but will float as stationary, 
branching, thread-like networks and 
through the liquid can flow, 
could provide the most efficient pond- 
operating conditions from the stand- 
points of supplying oxygen, yield of 
algae, and harvesting. 

Much further study will be necessary 
to judge the characteristics and qual- 


which 


ities of Oseillatoria to meet these con- 
ditions. This work represents a_pre- 
liminary investigation. Perhaps others 
will explore this organism further or 
find other organisms which offer more 
promise for effective 
method for supplying oxygen for 
aerobic and reclamation 
of valuable nutrients in wastewaters, 


achieving an 


stabilization 


Summary and Conclusions 

1. A strain of Oscillatoria grew well 
under laboratory conditions In sewage 
and other organic wastes producing 
vields under limited light conditions 
which appear to be in the same range 
found for 
Chlorella, Scenedesmus, and Euglena. 

2. Under the conditions of Oseil- 
latoria growth with aerobic bacteria, 
95 to 97 per cent of the 5-day BOD is 
removed. Reductions of 80 to 90 per 
cent of the COD were obtained. 
3. The algae contained 40.9 to 44.4 


of magnitude those 
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per cent protein, 13.3 to 25.3 per cent 
cther-extracted fat, and 6.0 to 6.2 per 
cent ash when grown in milk waste 
media, 

4. Based on the results of this brief 
study, Oscillatoria appears to have 
characteristics which make it poten- 
tially satisfactory for growth in waste- 
water stabilization ponds. Extensive 
further studies are necessary to de- 
termine more adequately its character- 
istics under a variety of conditions. 
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EXPERIMENTS ON THE HIGH-RATE ACTIVATED 
SLUDGE PROCESS 


By Dietrricu 


KEHR AND WILHELM 


VON DER 


Hlannover, Ge rmany 


The Department of Sanitary Engi- 
neering of the College of Technology 
Hochschule 


Germany, in the course of the last few 


(Technische Hlannover, 


years has been conducting experiments 


on pilot plants and in large-scale plants 
on high-rate activated sludge processes. 
Some of the experiments are deseribed 
in this report. 


PILOT-PLANT STUDIES AT KASSEL 


Kassel has a population of about 
200,000, and out of that number about 
150,000 live within the area of the 
drainage system tributary to the main 
sewage treatment plant. This plant 
was constructed in 1898 and sinee then 
has been expanded. Sewage is treated 
in a sedimentation tank with an aver- 
age retention period of one hour. 

The effluent is discharged to the river 
Fulda, which combines with the river 
Werra to join the Weser at a point 
about 12 miles downstream from Kas- 
sel. The Fulda is heavily loaded with 
wastes which have re- 


from Kasssel 


ceived only primary sedimentation. 
The Municipal Council wants biologi- 
cal treatment and Dr.- 
Ing. Karl Imhoff has suggested in his 
report that a high-rate activated sludge 
process combined with primary treat- 
ment could over-all BOD 
removal of 75 per cent. The Council, 


to study the partial biological treat- 


of the sewage 


achieve an 


ment of the sewage, constructed a pilot 
plant and the Department of Sanitary 


Siedlungs- 
{ ‘olleve of 


Was 


Institut fiir 
wasserwirtschaft) of the 


Engineering 


Hannover, asked to 


undertake experiments. 


Technology, 


Scope of Experiments 
The 


ered in the pilot-plant experiments: 


following aspects were consid- 


1. What would be the volume of 


tank necessary for aeration ? 
2. What would be the most suitable 
system of aeration ? 
3. What 


would be the power con- 
sumption | 
4, What would be the expected BOD 


removal? 


The Pilot Plant 


The layout of the pilot plant is shown 
in Figure 1. It was divided into three 
parallel units so that each could be 
run simultaneously. Simultaneous op- 
eration was considered essential because 
times 


the sewage econeentration at 


varied enormously. The desired quan- 
tity of effluent from the primary plant 
was supplied to the distributor tank by 
an automatic suction pump, and with 
the help of 
quantity of sewage could be fed into 


regulators, the desired 


any unit. 
The 


equal capacity, 708 eu ft each. 


were of 
The 


cross sections of the tanks are shown 


three aeration tanks 


in Figure 2. Secondary settling tanks 


each had a capacity of 885 eu ft and a 
surface area of 95 sq ft. The aeration 


tanks and secondary settling tanks 


were constructed from steel sheets and 


were transportable. 


1O66 
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FIGURE 1.—Pilot plant at Kassel. 


Experiments 
Experiments were started in 
tember 1955. 


porous 


Sep- 
In aeration tank No. 1, 
(Schumacher 
large-bubble 


cones medium 


de- 


signed by Passavant, and medium-sized 


pores ), aeration as 
porous lattice as designed by Inka were 
built in succession and tried. In aera- 
tion No. 2, Schumacher porous 
pipes (of large, medium, and fine po- 
rosity) were tried. Aeration tank No. 
3 was run consistently with a Kessener- 
brush aerator, using the type of brush 
20 in. in diam 
veloped by 


tank 


as designed and de- 
Passavant & Co., 
with angle-iron brushes and Pasveer’s 
euard attachment. 


Messrs. 


—Kessener Brush 


To vary the supply of sewage for the 
same volume of secondary — settling 
tanks, the capacities of the aeration 
tanks had to be changed. Accordingly, 
during the latter half of the experi- 
ments, each aeration tank was redueed 
to half size and the one with the Kes- 
sener brush attachment was also re- 
duced in size with the help of a parti- 
tion. Toward the end of the experi- 
ments, two secondary settling tanks in 
series were connected to an aeration 
tank with the idea of working with 
double the quantity of sewage. 

In the course of the experiment, the 
quantity of sewage varied from 62 to 


67 gpm. The retention period in the 


porous diffuser tubes 


_</NKA- aeration 


95" 6" 


FIGURE 2.—Cross section of aeration tanks. 
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* Sept. to Oct., 1956 


+t Permanganate method 


secondary settling tanks varied from 
1.2 to 1.8 hr. The surface load in the 
settling tanks varied between 900 and 
1,450 gpd/sq ft and the 
critical section 
0.13 and 0.22 fpm. 

In each aeration unit a BOD loading 
of about 154 Ib day was tried. Assum- 
ing a per capita BOD value for settled 
lb day, 
works out to a population equivalent 
of about 2,000 


speed at the 


varied between 


CTOSS 


sewage of 0.08 this loading 


Results 


Some of the 
have been set out 


useful results obtained 
in Table | A dis- 
cussion of the results is presented under 
the separate headings below 


Sewage 


The sewage of Kassel is of the dilute 
domestie type and the BOD during the 
first month of was 
about 140 mg/l after primary treat- 


the experiments 
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Energy 


cop 
Requirements 


Liquor) 
ss 
mg/l kwhr (kwhr 
R day/1,000) Ib BOD 
cu ft) removed 


TT 


4.200 237 73 6u 18 0.232 
3.900 65 236 64 62 
$800) 70 193 65 66 68 382 


600 


61 


3,900) 61 108 5S 
200 


51 


200 5: 236 10] 57 110 208 


ment. During the summer months, the 
BOD fell to 60 mg/l due to continuous 
rainfall and consequent infiltration. In 
the months of September, October, and 
November, 1956, the BOD rose to 160 
mg/l, averaged over weekly periods. 
The hydraulic load (1) in the indi- 
vidual tanks varied within wide limits. 
The relationship between the hydraulic 
load and the efficiency of purification 
can be judged easily from Figure 3. 
In the course of the experiments it 
became obvious that the final choice of 
aeration system lay among fine-bubble 
aeration Schumacher’s 
(diffuser tube 


with porous 
Brandol 60), Kes- 
and the Swedish INKA 


accordingly, only the details 


pipes 
sener brushes, 
methods ; 
of these three have been taken into con- 
sideration for graphical representation. 
In the results, the weekly average val- 
ues were taken into account with three 
taken 


readings daily. These results 


showed that a BOD reduction of 80 to 


: 

cu ft 
104 138 34 75 2.1 | 244 103, 58 79 0.228 
156, 141 38 2.1 
1 | 6,000; 43 | 193 i7 | 60 116 0.376 
| 
5 |5,100; 42 | 237 | 106 | 55 110 
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90 per cent could be achieved with a 
hydraulic load of 300 gpd/eu ft and 
about 36 min of aeration. This figure 
for the hydraulic load was found ap- 
plicable to all three aeration systems. 
When the hydraulic load was changed 
from 375 to 750 gpd/eu ft and the 
aeration period from 30 to 15 min, 
BOD reduction per 
cent. The retention period here is the 
theoretical retention period and does 
not take into account the return sludge. 

For an over-all BOD removal of 75 
per cent, and estimating that the BOD 
reduction would be 20 per cent in the 
existing primary tanks, the efficiency 
of BOD reduction in the aeration tanks 
should be about 69 per cent. From the 
experimental results, this efficiency of 
purification could be obtained with an 
aeration time of 15 min. 

In the latter half of the experiment, 
for a period of only three weeks, a 
hydraulie load of 1,120 gpd/cu ft with 
10 min aeration was tried, the result 
being 60 per cent BOD reduction. 


decreased to 70 


It appears that for design purposes 
a hydraulic load of 300 gpd/cu ft with 
an aeration time of 36 min would re- 
sult in at least 70 per cent efficiency. 
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If necessary, a BOD reduction of 85 
per cent could be achieved. 

The reduction in COD as determined 
by the permanganate method varied be- 
tween 50 and 70 per cent, and at a hy- 
draulice load of 300 gpd_/cu ft, the aver- 
age reduction was 65 per cent. 

The relationship between the BOD 
load and reduction is shown in Figure 
4. For a BOD load of 375 Ib/day/ 
1,000 cu ft, the efficiency of purification 
averaged 75 per cent. Even at a BOD 
load of 900 Ib/day/1,000 eu ft there 
was a reduction of over 70 per cent. 
Thus for the design of the full-scale 
plant for Kassel, a BOD loading eri- 
terion of 425 lb/day/1,000 eu ft was 
selected. 


Activated Sludge 


The relationship between BOD load 
in terms of the sludge solids in the 
mixed liquor and BOD reduction is de- 
picted in Figure 5. It shows that when 
the loading was 1.0 lb of BOD per Ib 
of suspended solids, the BOD reduction 
was 85 per cent, and when the loading 
was 1.5 lb of BOD per Ib of SS, the re- 
duction was 80 per cent. Even when 
the loading stood at 2.5 lb of BOD per 


HYDRAULIC LOAD 
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00 
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FIGURE 3.—Relationship between hydraulic load and BOD reduction. 
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BODs LOAD (Ib/day/!,000 cu ft) 


lb of SS, the reduction only decreased 
to 75 per cent. Therefore, to obtain 
an over-all efficiency in the whole plant 
of 75 per cent, the loading should be 
2.5 Ib of BOD per Ib of SS. For the 
maximum BOD load of 470 Ib/day 

1,000 cu ft, it is necessary to maintain 
the mixed-liquor solids at 3,900 mg/1. 

The concentration of the suspended 


BODs REDUCTION (%) 


FIGURE 4.—Relationship between BOD load and BOD reduction. 


solids in the aeration tanks varied 
mostly between 3,000 and 5,000 mg /] 
and between 7.000 and 10,000 mg/l in 
the return sludge. The organic matter 
present in the dry sludge was 65 to 75 
per cent. The settling qualities of the 
sludge as determined in terms of sludge 
volume index and the relationship be- 
tween the index and BOD load are 


as 10 


20 25 30 


LB BOD APPLIED PER LB SLUDGE SOLIDS 


LOADING FACTOR 


FIGURE 5.—Relationship between BOD load in terms of suspended 
solids and BOD reduction. 
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INDEX 


SLUDGE VOLUME 


HIGH-RATE ACTIV: 


ATED SLUDGE 


BO Ds LOAD 


From the diagram 
that as the load in- 
creased, the sludge volume index de- 
creased and the sludge quality de- 
teriorated. 


shown in Figure 6. 


it is apparent 


siologically, 


throughout 


the activated sludge 
most of the experiments 
contained many colonies of protozoa, 
especially stalked ciliates such as Vorti- 
ecllae and Opercularia. Only with the 
highest BOD loading did flagellates re- 
place the ciliates, and this despite ex- 
With a 
short retention period of 20 min, the 
sludge had a predominantly bacterial 
makeup. At alow BOD loading, a de- 
the numbers of the stalked 
and an inerease of the free- 
swimming forms and flagellates were 
observed whenever a low dissolved oxy- 
gen content was maintained for a pe- 
riod in the aeration tanks. 

With only traces of dissolved oxy- 
gen, observed the 
sludge. thread-like organ- 
isms were also obvious, but these never 
the flora. Samples of 
bulked sludge did not appear to con- 
tain any NSphaerotilus although this 
organism was previously thought to 
eause bulking. 


cess oxygen being present. 


erease 1n 


ciliates 


bacteria were 


Numerous 


became main 


The only microscopie difference found 


(Ib/day/1,000 cu ft) 


FIGURE 6.—Variation of sludge volume index with BOD load. 


between the different types of aeration 
tanks, when working with only traces 
of dissolved oxygen, was that the sludge 
from the tank contained 
thread-like organisms which were 
shorter than those in the other tanks. 
It is probable that this was caused by 
the mechanical agitation of the rotat- 
ing brushes. 

The rate of sludge production varied 
considerably ; excess sludge varied from 
50 to 150 1b/100 Ib of BOD load. The 
average rate of production can be eon- 
sidered to be between 80 and 100. 


Kessener 


Orygen 


Unless the necessary amount of oxy- 
was supplied, the efficiency of 
purification definitely decreased. In 
the pilot plant at Kassel, the DO was 
determined with an Oxydimeter (2). 
With average DO of 2 me/1 or more, 
no advantages could be detected for 
higher oxygen levels. 

The DO usually varied between 3 
and 5 mg/l. This was true particularly 
in the period from August to No- 
vember, 1956, when the aeration tanks 
were run with a relatively high load. 
For a larger plant, it may be expedient 
to maintain a minimum oxygen content 


ve 
ren 
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of about 2 mg/l to minimize energy 
consumption. 


Operation of the Plant 


The short detention period in the 
primary sedimentation tank (about 45 
min during daytime) did not interfere 
with the operation of the pilot plant. 
In view of the adequate biological puri- 
fication, a bigger primary sedimenta- 
tion tank was not considered necessary. 
At periods of high flow in the river 
Fulda, sewage was treated without 
primary sedimentation. But immedi- 
ately a notably lower sludge volume 
index occurred and it was, therefore, 
thought expedient to waste some of the 
activated sludge. 

Sewage was distributed evenly 
throughout the length of the tank by 
incremental feeding, and due to the 
short length of the pilot-plant tanks, 
the flow was immediately well mixed. 
It was observed that there was _ less 
chance of short-cireuiting with this 
method of biological purification. Only 
a few minutes contact was sufficient to 
carry out the treatment process 

The amount of return sludge was 
varied between 20 and 150 per cent. 
No influence on the results was de 
tectable by varying the quantity of re 
turn sludge. 

The most important aspect of the 
operation seemed to be the method by 
which oxygen was introduced into the 
sewage. Turbulence varied according 
to the aeration system used (fine-bub- 
ble, ecourse-bubble, or surface aeration 
and the amount of oxygen absorbed. 
For the high BOD load at Kassel, the 
supply of oxygen had to be high which 
meant that the fine-bubble aeration 
created intensive turbulence. The in- 
creased mechanical agitation necessi- 
tated in the Kessener-brush tank ceom- 
pared favorably in this respect with 
the INKA method which gave medium 
sized, flat-type bubbles and generated 
considerable turbulence in the upper 
half of the aeration tank. 


It was observed that for the same 
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load and oxygen content, the BOD re- 
moval was nearly the same in all three 
tanks. The differences were all within 
the limits of accuraey of the chemical 
tests. During the major part of the 
experiments, the different systems of 
aeration were not run with equivalent 
loadings. The results plotted in Fig- 
ures 3 and 4 of hydraulie load against 
BOD load show that the Kessener- 
brush plant was run at the highest load 
and the fine-bubble aeration plant at 
the lowest. These values were obtained 
under conditions of pilot-scale experi- 
ments and cannot, therefore, be used 
to determine limits of efficiency of any 
individual aeration system. With a 
higher loading on the aeration tanks of 
the INKA and fine-bubble systems, re- 
sults comparable to the Kessener SVS- 
tem probably would have been pro- 
duced. In that case an amount of 
oxygen similar to that supplied the 
Kessener plant would have been. re- 
quired. The correctness of this as 
sumption with regard to the INKA 
system was proved in the last few 
weeks of the tests when purification 
comparable to the Kessener system was 
achieved with a retention period of 
only 10 min. From the engineering 
point of view, the aeration systems 
described above are all equally ap- 
plicable for the conditions prevailing 
in Kassel. 

The amount of oxygen supplied each 
of the aeration tanks at the same load 
and nearly the same sludge content 
was determined approximately with 
the help of the Toedt Oxydimeter. To 
obtain the same amount of dissolved 
oxygen in all aeration tanks, it was 
necessary to increase the air supply to 
the Passavant porous-plate, large-bub 
ble, aeration system 115 times over 
that for fine-bubble aeration (Brandol 
60). Coarse-grained Brandol 300 dif- 
fuser tubes for large-bubble aeration 
were found to give an oxygen transfer 
similar to the Passavant porous plates 
Aeration by INKA lattice, Brandol 60 
tubes, and Kessener brushes produced 
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FIGURE 7.—Relationship between energy requirement and 
BOD reduction. 


the of 
dissolved oxygen for the same energy 


approximately same amounts 


consumption. Differences were within 
the limits of accuracy with which the 
plant would operate in the future. 
Energy requirements per lb of BOD 
for 
are shown in Figure 7. 


removed various BOD efficiencies 

It shows that beyond a power con- 
sumption of 0.18 kwhr/lb of BOD re- 
moved there was no increase in BOD 


removal. For the value to exceed 0.27 
kwhr Ib of BOD removed, particularly 
dilute sewage is needed. The average 
value of energy consumption is about 
0.23 kwhr/lb of BOD removed. If a 
larger plant is to be run with an aver- 
age dissolved oxygen content of 2 to 3 
mg/l, energy consumption generally 
would amount to 0.14 to 0.18 kwhr/Ib 
of BOD removed. 

The variation of BOD reduction for 
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FIGURE 8.—Variation of energy requirement with BOD load. 
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the same energy consumption was 
caused by the variation of sewage and 
BOD loading. In Figure 8, BOD load 
is plotted against the energy consump 
tion. Only values of BOD of incom 
ing sewage greater than 100 me/l are 
plotted. It appears that there is no 
influence of BOD load on the energy 
consumption in terms of BOD removal. 
In fact, the higher BOD loads did not 
have a greater energy demand; on the 
contrary, they had a lower demand. 
The diagrams show that with both the 
Kessener brush and the other two aera- 
tion systems similar low consumption 
figures result. The readings obtained 
with the Toedt Oxydimeter confirm 
these results. 

In consideration of the costs involved 
in the three different systems, Kes- 
sener-brush aeration was found par- 
ticularly suitable for the specific con 
ditions of the sewage of Kassel. As the 
vround-water table is at a high level 
(it practically rises to the surface of 
the secondary settling tank), tanks 
should not be excavated deeply ; there- 
fore, the Kessener-brush method, re- 
quiring a flat, rectangular tank having 
shallow depth and greater width, would 
be more suitable. During the last of 
the tests, a rectangular tank having a 
width of 11 ft and depth of 3 ft 4 in. 
was designed. The Kessener-brush sys 
tem also is considered the most suitable 
device because of its assurance of op- 
eration and the ease with which it ean 


be adjusted to supply oxygen up to 


the demand of the sewage 


Detmold and its surroundings are 
the center of the north Germany wood 
and furniture industry. Although the 
furniture industry itself does not dis 
charge any water-borne waste, the ply 
wood industry does. Near Detmold, it 
has been discharging its wastes into the 
sewers of the town With approxi- 
mately 30,000 population connected to 
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Summary 


1. The introduction of a high-rate 
activated sludge process has been found 
suitable for the future biological treat- 
ment of the waste of Kassel. From the 
experimental results, it has been found 
that a hydraulic loading of 300 gpd/eu 
ft with an average retention period of 
36 min can be used as a basis for de- 
sign. The BOD load should be about 
$25 Ib/day 1,000 eu ft when consider- 
ing a BOD value of 170 me/l for the 
settled sewage. 

2. It has been proposed to install 
Kessener-brush aeration with angle- 
iron pieces made by Messrs. Passavant 
& Co. and with Pasveer’s guard attach- 
ment. 

3. The power consumption is eal- 
culated to be 0.20 kwhr/lb of BOD re- 
moved when the efficiency is about 75 
per cent. An energy consumption of 
about 0.16 kwhr/Ib would work out to 
0.5 w/eap. 

4. The results of the experiments 
show that the BOD reduction in the 
biological treatment reaches 69 per cent 
which safely represents 75 per cent 
over-all removal ineluding primary 
sedimentation. With proper operation 
of the plant, a sewage load of 300 gpd 
cu ft on the activated sludge units 
would give a BOD removal efficiency 
of 85 per cent and the total removal of 
the entire plant would then inerease to 
0 per cent. This means that the treat- 
ment plant could even deal with higher 
quantities of sewage and still achieve 
proper purification. 


the town drainage system, the sewage 
has had a total population equivalent 
of about 100,000. The treatment plant 
constructed before World War I was 
still working with a separate unit for 
sludge digestion, but achieved only a 
low degree of purification. In view of 
the high strength of sewage, a biologi- 


cal step-process of purification was at 
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FIGURE 9.—Layout of Detmold sewage treatment plant. 


On 
the basis of the experiments under- 
taken by the Department of Sanitary 
Engineering, a two-stage aeration plant 
was considered for the design, and to 
prevent heavy impurities of the ef- 
fluent polluting the river Werra into 
which the effluent flows, the construe- 
tion of the new plant was urgently 
needed. The municipal board agreed 
to construct, as a first step, a treat- 
ment plant having short-retention bio- 
logical treatment. The final full-seale 
biological plant was to be designed 
after further experiments. 


first considered for a new plant. 


Treatment Plant 


The new sewage purification plant 
was constructed during the year 1955 


56. Kehr and Schmidt-Bregas (3) de- 
scribed the plant and the layout is 
shown in Figure 9. 

Sewage passes first through a cir- 
cular grit-extractor and rotary screen. 
The effective capacity of the primary 
sedimentation tank is about 39,000 eu 
ft. The aeration tank has a capacity 
of 10,600 eu ft consisting of four 2,650- 
eu ft units with cross-sectional design 
developed by Pasveer (4). The aera- 
tion is by stainless steel Kessener 
brushes with Pasveer’s guard attach- 
ment. The diameter of the brushes is 
about 16 in. and the surface speed is 
maintained at about 550 fpm (128 
rpm). 

The effective length of the brushes is 
about 276 ft and sewage is distributed 
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over 34 of the tank length by means of 
dropping channels as designed by 
Schmitz-Lenders. Two cireular tanks 
having a total capacity of about 49,500 
cu ft serve as secondary settling tanks. 
Sludge is returned to the aeration tank 
by a screw conveyor. Figure 10 shows 
the arrangement of the aeration tank 
with the brushes 
and Pasveer’s guard attachment. 


together Kessener 


Operating Results 
The 


plant at 


the 
operating 


section ot 
Det mold 
during June 1956, 


Table 


biological new 
started 
Results set out in 


I] are discussed below. 


Sewage 


The 


during 


strength of the varied 
the period because of the dilut- 
ing effect of the combined system. 

The 


tories 


sewayve 


from the 
heavily contaminated 
BOD of 3.000 mg |: 


waste plywood fac 
Can be 


with impurities 
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FIGURE 10.—Kessener brushes with Pasveer’s guard attachment. 


October 


1960 


KMn0O, COD of 15,000 mg/l), but due 
to the diversity of work in the fae- 
tories, the strength of the wastes is sub- 
Thus, the BOD 
of the ineomine sewage to the biologi- 


ject to large variation. 


cal plant has been known to vary be- 
tween 50 and 550 mg/I1. 

Sewage going to the biological plant 
varied in quantity from 0.16 to 0.32 
mgd. This constitutes a hydraulic 
load between 150 and 300 gpd/cu ft. 
In Figure 11, the values of 
several tests have been plotted and the 
relationship hydraulic load- 
retention period and BOD re- 
duction is 


average 


between 
ing or 
shown. Experimental re- 
sults have been computed and grouped 
according to loading (150 to 187 gpd 
cu ft, 187 to 224, and 224 to 300) and 
BOD of the incoming sewage (100 to 
200 me/l, 200 to 300, and greater than 
300). BOD values less than 100 mg/] 
were not considered. 

that 
depends more on 


It has been observed 
reduction 


the BOD 
the hy- 


: 


Vol. 32, No. 10 HIGH-RATE ACTIVATED SLUDGE 1077 


TABLE II.— Typical Operating Results Arranged in Order of Increasing Hydraulic Load * 


| 
BOD | cop | Energy Requirements 
Hydraulic | Mixed | 
oad Lond Liquor | 
(gpd ss | SVI kwhr/ (kwhr/ 
cu ft) Infl Eff. Red. (mg, 1) Infl. Effi. | Red. 
(mg/l) | (mg, 1) %) Ib/day (mg/1) (mg/l) cu ft) removed) 
1,000 


165 204 i8 | 91 281 0.57 7,900) 65 478 | 138 | 71 110 0.450 


167 161 17 &Y 225 0.47 7,700) 73 380 115 | 69 113 0.572 
172 345 27 92 494 1.0 7,900 50 496 | 168 | 67 113 0.258 
202 379 53 86 644 1.17 | 8,800) 50 702 | 276 | 63 104 O.195 
214 242 35 86 131 0.92 5,900 50 558 | 204 | 63 99 0.272 
218 167 21 87 306 0.5 10,200 73 377 136) 64 bated 0.335 
247 224 30 86 455 0.82 8,900 44 471 156 (67 91 0.244 
253 147 | 21 84 312 0.45 |11,200| 40 | 357 | 122 | 65 83 0.312 
277 141 | 23 | 84 


* Sept. 1956 to Apr. 1957. 


draulie load than on the strength of the representation in Figure 12 (where 
sewage. According to the existing con- BOD load applied is plotted against 
ditions at Detmold, it has been found BOD removal) shows even more clearly 
that a hydraulic load of 180 gpd/cu ft the influence of sewage loading. Curves 
or a retention period of 60 min is have been drawn for hydraulic loads 
the optimum for operation. This gives, of less than 180 gpd/cu ft and loads 
on the average, a 90 per cent BOD between 180 and 300 gpd/cu ft. They 
removal during biological treatment. are practically parallel to each other 
With a loading of 224 to 300 gpd/eu and show that the BOD load exerts 
ft, the removal is still 85 per cent even little influence. For example, with a 
though the retention period is then BOD load of 500 lb/day/1,000 eu ft, 
only about 40 min. The graphical equivalent to a hydraulic load of 165 
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FIGURE 11.—Relationship between hydraulic load and 
BOD reduction. 
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FIGURE 12.—Variation of BOD reduction with BOD load, according to 
sewage strength. 


gpd cu ft, about 90 per cent efficiency 
of purification can be obtained. For a 
loading of 224 to 300 gpd/eu ft, the 
efficiency Is RD per cent. 
BOD load 
1,000 eu ft 
equivalent 8) per cent efficiency is 
obtained in the 


Even with a 
lb day 
or about 300 population 


vreater than 625 


biological treatment 
and when mechanical sedimentation is 
included, the total efficiency reaches 90 


per cent. 


Activated Sludqe 


The Detmold plant carried out  bio- 
logical with high 
pended concentration in the 
mixed liquor. The average concentra 
tion varied from 6,000 to 12,000 mg 1. 


treatment Sus 


solids 


Values of this order are not usual in 
large-scale plants, but are possible at 
Detmold. 

Ninety per cent efficiency was_re- 
corded for a loading of 165 gpd/eu ft 
when the BOD loading was 1.0 Ib per 
lb of SS, and 85 per cent with a BOD 
loading of 1.2 lb per Ib of The 
sludge index varied between 
40 and 80 and was usually about 50. 
Under the sludge 
showed a considerable amount of life 
with many Vorticellae a d Ope reularia. 


SS. 
volume 


microscope, the 


Oxygen 


To avoid the possibility of having 


low oxygen concentrations become a 


limiting factor in high 
was used during the 


experimental 


treatment, a 
rate of aeration 
period of operation. 


Enough reserve oxygen was always 


introduced to cope with the variable 


quantity and strength of the sewage. 


Plant Ope ration 


Operation of the activated 
plant was satisfactory. 


sludge 
Primary sedi- 
mentation was good and the supply of 
sewage to the activated sludge plant 
was uniform. The steady supply of 
over 34 of the length of the 
tanks led to a concentration of 
The re 
turn sludge amounted to 30 per cent 


sewave 
high 
sludge in the aeration tanks. 


of the total sewage and its SS coneen- 
tration was 20,000 to 30,000 me /1. 


Summary 


Det- 
mold have operated effectively. The 
BOD reduction attributed to biological 
treatment 


The activated sludge units at 


exceeded 85 per cent. Com- 


plete biological purification of a high 
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strength sewage could be obtained 
with a retention period of little over 
1 hr and a sewage load of 150 to 180 
gpd/cu ft. Sewage with a BOD of 
about 200 mg/l can be satisfactorily 
transformed to one with a BOD of less 
than 30 mg/l with a retention period 
of 35 to 45 min or a load of 224 to 
300 gpd cu ft. It is, therefore, not 
thought necessary to add a_ second 
biological unit to the plant. Should 
the plywood factories start to dis- 


The experiments in Kassel showed 
that satisfactory biological treatment 
of sewage could be obtained with a 
very short retention period in the aera- 
tion tank. Laboratory experiments ear- 
ried out by Pasveer (5) were confirmed 
in the pilot-scale experiments in Kassel, 
indicating that with a retention period 
of 10 to 15 min in the aeration tank, 
a substantial BOD removal is possible. 
Above all, it was confirmed that in 
none of the experiments described was 
there any deterioration of purification 
due to excessive aeration. This fact 
has not been mentioned in any previ- 
ously published experiments. 

The experiments done by Kuisel (6) 
and Wuhrmann (1) in Zurich, have 
already shown that a BOD reduction 
of over 80 per cent is possible in aera- 
tion tanks with a retention period of 
1 hr. These results have been con- 
firmed in the pilot plant of Kassel and 
by the operation of the larger plant at 
Detmold. The latter plant has oper- 
ated for more than two years with a 
retention period of 40 to 50 min. The 
results of the experiments and the 
operation of the Detmold plant show 


1. Wuhrmann, K., ‘‘ Ergebnisse von Gross 
versuchen an hochbelasteten Belebt 
schlammanlagen und Tropfkérpern.’’ 
Schweiz. Z. Hydrol. (Switzerland), 
15, 1 (1953) 


*“High-Rate Activated 


CONCLUSIONS 


References 


charge heavily contaminated wastes 


having an average BOD of 300 to 400 
mg/l, the activated sludge plant would 
have to be expanded so that a maxi- 
mum hydraulic load of 180 gpd/cu ft 
would not be exceeded. If the produe- 
tion of plywood were transferred to 
factories in other areas, as is expected 
from their production scheme, then the 
existing plant would be able to treat 
completely a waste with an average 
BOD of 200 mg /1. 


that purification can be effective, pro- 
vided that certain limits of BOD load 
are maintained. A certain ratio must 
be maintained between the quantity of 
sludge and the BOD load. 

The experiments of Pasveer (5) have 
been confirmed in that the oxygen sup- 
ply is found to be a limiting factor for 
the biological purification of a normal 
domestic sewage. The supply must 
meet the demand of the microorgan- 
isms. The average dissolved oxygen 
content in the aeration tanks should 
be 2 mel. With a high BOD loading 
for the unit volume available, it is es- 
sential that there is also a correspond- 
ingly large oxygen supply. select- 
ing the system of aeration, it should 
be kept in mind that maximum tur- 
bulence should be obtained in the aera- 
tion tanks. 
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SEWERAGE AND WASTE DISPOSAL PRACTICES OF 


SANITATION DISTRICTS OF LOS ANGELES 


World War I, Southern 
experienced unpredicted 
and rapid population growth and in- 
dustrial expansion. This was especially 
true in 
numerous, 


Following 
California 


Los Angeles County where 


new, small communities 
were established and sewage treatment 
facilities of existing overtaxed 
by the outburst. Demand by the pub- 


lie was acute for all utilities, but per- 


cities 


haps the most perplexing problem lay 


in providing sewage collection and 


treatment facilities. 

With a patchwork type of develop- 
ment, suitable plant 
were at a premium. The state health 
department found that for 
permits to construct sewage treatment 


treatment sites 


requests 


plants greatly exceeded available sites. 
Beach cities attempted to construet in- 
dividual ocean outfalls, much to the con- 
sternation of neighboring cities which 
feared contamination of their beaches 
from improperly treated sewage. 


Sanitation District Act 


Consolidation of the many individual 
sewerage problems appeared to offer 
the best solution. In 1923, 
siderable study, the County Sanitation 
District Act was passed by the state 
Under this Act, the board 
of supervisors of any county can organ- 
ize a sanitation district with boundaries 
determined by 


after con- 


legislature. 


veographie and topo- 
graphic drainage areas and without 
rhe 
Annual Meeting, 


Industrial Wastes 
12-15, 1959. 


regard to political subdivision. 
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Federation of Sewage and 
Dallas, Tex.; Oct. 
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primary function of such a district is 
to construct, operate, and maintain fa- 
cilities to collect, treat, and dispose 
of sewage and industrial wastes. The 
construction of local sewers and later- 
als and their connection to the sani- 
tation districts’ system remained the 
responsibility of local authorities. 

A district has broad powers which 


are administered by a board of di- 
rectors. Since the district may con- 
tain both incorporated and unin- 


corporated areas, each area has repre- 
sentation on the board; the cities, by 
the presiding officer of the governing 
body of a city, and the county area, 
by the chairman of the board of super- 
visors. By mutual agreement, the 
board of directors meets at least 
monthly and special meetings may be 
called if necessary. Some of the powers 
of the board are listed below: 


1. It may employ engineering, con- 
struction, clerical, operational, and 
Inanagement personnel. 

2. It may construct, own, and oper- 


ate sewage collection and = treatment 
works. 

3. It may own and operate its works 
jointly with other districts or with 
other governmental agencies. 

4. It may issue bonds. 

>. It may taxes 


expenses to he levied. 


cause for district 
6. It may also engage in refuse dis- 


posal. 
Joint Agreements 


A major reason for the success of 


the sanitation districts has been the 


a 
| 


power to join with other districts to 
own, construct, maintain, and operate 
joint facilities. This requires only two 
key agreements to which a third, the 
Joint Refuse Disposal Agreement, was 
added in 1956. These two agreements 
are known as the Joint Administra- 
tion Agreement and the Joint Outfall 
Agreement. All of the districts in Los 
Angeles County are members of the 
Joint Administration Agreement, while 
14 have mutually owned facilities and 
are members of the Joint Outfall 
Agreement. Since 1956, nine of the 
districts have also participated in 
Joint Refuse Disposal Agreements. 


Joint Administration Agreement 


The Joint Administration Agree- 
ment provides for a centralized ad- 
ministrative organization to perform 
the administration of the affairs of 
each and all districts including con- 
struction, supervision, Operation, and 
maintenance, and further provides that 
all of the districts shall have the same 
chief engineer, assistant chief engi- 
neers, other assistant and division en- 
evineers, secretary, accounting employ- 
ees, counsel, and other personnel as 
may be appointed or employed. 

Under the agreement, compensation 
of officers and employees and all other 
expenses of the organization are allo- 
cated or apportioned amone the vari- 
ous districts as follows: All expenses 
or charges which may be charged di- 
rectly to a district for whose sole 
benefit the expense was incurred, in- 
cluding salaries for design engineers, 
draftsmen, and others whose work may 
be accurately charged, are paid by the 
specific district All other expenses 
incurred in connection with the Joint 
Administration Agreement which ean- 
not be readily allocated are paid by 
apportionment, with each district pay- 
ing its share in the ratio that its 
bond issue or capital investment, 
whichever is the greater, bears to the 


ageregate sum of all of the districts. 
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the affairs of the organization, Dis 
trict No. 2 in Los Angeles is desig- 
nated to act on behalf of all districts 
on all joint matters and in effect be- 
comes a fiscal agent for all of the 
districts. The Joint Administration 
Agreement provides for participation 
in the state employees’ retirement sys- 
tem and District No. 2 is designated 
as the public agency for the pur- 
poses of the retirement law. The an- 
nual contribution required from each 
district to the retirement system is 
based on the ratio of salaries the indi- 
vidual district has paid to the sum 
or total salaries paid by all of the 
districts. 

All books, records, and accounts re- 
lating to the joint administrative or- 
ganization are available at all times 
for inspection by the board of directors 
of any district or to other interested 
parties. In the event of a dispute or 
controversy in connection with the 
books, records, or accounts, or In con- 
nection with any officers, employees, 
affairs, or operation of the joint ad- 
ministrative organization, the agree- 
ment provides for a board of arbitra- 
tion. This board consists of a member 
of each sanitation district and the 
findings of the majority are binding 
and conclusive to all parties. 


Joint Outfall Agreement 


The Joint Outfall Agreement pro- 
vides for joint construction, operation, 
and maintenance of trunk sewers, 
pumping plants, and treatment works 
to the mutual benefit of two or more 
districts. For the purpose of facili- 
tating the acquisition of lands and 
rights of way and payment for all 
joint outfall capital, maintenance, and 
operating costs, District No. 2 is desig- 
nated to act on behalf of all the dis- 
tricts. 

The Joint Outfall Agreement spe- 
cifically states the total capacity of 
each unit of the joint outfall system 


To simplify the administration of 


*) 

a 
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5 
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in terms of cubic feet per second to- 
vether with the percentage of owner- 
ship that each district has 
in each installation. This agreement 
thereby becomes the authority for de- 
termining the amount of money to be 
spent by each district on joint projects 
as well as recording the total capacity 
each district the entire sys- 
tem. Upon payment by each district 
of its proportionate share of the cost 
of the joint outfall units, perpetual 
right to this capacity is obtained. 
Ilowever, a district may purchase from 
or sell capacity rights in existing joint 
outfall units to another district pro- 
vided that it is mutually desirable to 
do so. In this the cost to be 
paid is always considered as the origi- 


purchased 


owns in 


Case, 


nal cost of such capacity. As 
construction 


new 
each 
district desiring a portion of the ad- 
ditional capacity pays its proportion 


becomes necessary, 


of the cost of the work according to 
the percentage of ownership desired. 

The maintenance and operation of 
the joint outfall system, including up- 


keep and repair costs, are shared 
jointly by the various districts having 
ownership. These costs are propor- 


tioned, however, not according to the 
percentage of 
unit, but according to the ratio that 
the amount of flow contributed by an 
individual district the total 
flows of all districts in that particular 
unit. 


ownership in a given 


bears to 


Periodically, flow measurements 
are made to determine the amount of 
sewage originating in each district and 
passing through each unit of the out- 
fall system. 
Provision is made for revision of 
the various percentages of ownership 
in the individual joint outfall units 
from time to time as new districts are 
formed or as other requirements de- 
mand. It is also possible for a dis- 
trict to rent capacity on a temporary 


Rental 


established at 5 


basis from another district. 


rates have been per 


cent of the original cost per annum. 
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Joint Refuse Disposal Agreements 


A Joint Refuse Disposal Agreement 
provides that all districts so desiring 
may participate jointly in the construe- 
tion and operation of refuse transfer 
and disposal facilities. District No. 2 
is designated to act as the fiscal agent 
on behalf of each of the participating 
districts. For the purpose of further 
simplifying the entire operation, Dis- 
trict No. 2 is also the agent for pay- 
ment of all capital, maintenance, and 
operating expenses, including salaries, 
administrative 


wages, or expenses. 
The agreements recite each member 


district’s share of the capital cost to 
be allocated for refuse transfer and 
disposal at a particular site. All op- 
erating including expenses, 
salaries, wages, or other compensation 
incurred in connection with the opera- 
tion and maintenance of the refuse 
transfer and disposal facilities are de- 
rived from a service charge for the 
use of the facilities. Of this unit price, 
a definite part is credited to a special 
fund collected from taxes 
levied for financing refuse transfer and 
disposal. The agreements stipulate 
that this increment is always to be such 
that upon exhaustion of the disposal 
facilities or the suspense fund 
will have accumulated to the extent 
that each district may be reimbursed 
the amount of its total investment in 
acquiring and implementing the site. 
Provisions are also made for reinvest- 
ment of these accumulated moneys in 
new disposal sites and also for par- 
ticipation of new districts in the ex- 
isting sites, should the several boards 
of directors so desire. 


costs, 


suspense 


site, 


Formation of a District 


Immediately following the formation 
of a new district, a chief engineer’s re- 
port is prepared. This report indi- 
cates the area to be included, the size 
and location of the trunk sewers to be 
constructed, as well as the amount 
of capacity to be constructed or pur- 


chased in the existing joint outfall 
system. 

Upon approval by @ two-thirds ma 
jority of the registered voters in the 
district, general obligation bonds are 
issued to finance the original construc- 
tion and purchase of capacity in the 
existing facilities. Both the interest 
and sinking fund as well as the annual 
cost of the operation of the system are 
paid for by a direct tax on the real 
property in the district. For this 
purpose, the county tax collector col- 
lects taxes and places the moneys 
in the county treasury. Expenditure 
of district funds is authorized by the 
county auditor upon demand of the 
board of directors of a specifie district. 


Growth and Development 


The first sanitation district was 
formed in December of 1923 and in 
cluded the cities of Redondo Beach, 
Hermosa Beach, and Manhattan Beach 
as well as adjacent county territory. 
By 1930, nine sanitation districts had 
been organized in Los Angeles County. 
Of these, four were tributary to the 
city of Los Angeles treatment plant 
and four districts had designed their 
system as a joint venture. One dis- 
trict failed to provide financing for 
construction and remained inactive. 
All nine districts subscribed to the 
joint administrative organization to 
handle all affairs of all districts in 
Los Angeles County in conformance 
with policies instituted by the several 
hoards of directors. 

The Districts’ large and well-inte 
erated system: constructed in the late 
1920’s performed an outstanding sery 


ice during World War I] 


Expansion After World War I] 


The success of the Districts’ opera- 
tion during the period of World War 
II laid the foundation for extensive 
district expansion following the war. 
One of the districts which had been 
formed in 1924, but had remained in- 
active, financed itself in 1945, and by 
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1956, 10 additional districts had been 
formed, voted bonds, and were in op 
eration. ‘Today, the combined system 
of 19 sanitation districts is one of the 
largest in the world, containing 750 
miles of trunk sewers, serving 5,697 
miles of lateral sewers, operating 6 
treatment plants, numerous pumping 
plants, and disposing of 280 mgd of 
sewave from a 658-sq mile area con- 
taining 3 million people and 59 in- 
corporated cities and large tracts of 
unineorporated county areas. All but 
about 16 mgd is disposed of through 
jointly owned district facilities. 


Sewage Treatment and Effluent 
Disposal 


The jointly owned trunk sewer sys- 
tem, ranging in size from 8 to 144 
in. in diameter, is tributary to a large 
primary treatment plant known as the 
Joint Disposal Plant, currently treat- 
ing about 264 mea. Here, solids are 
removed from the sewage and indus- 
trial wastes by plain sedimentation, 
floatables removed by skimming, and 
the effluent disposed of by means of two 
long tunnels under the San Pedro 
Ilills into the Pacific Ocean. The set- 
tled solids, after anaerobie digestion, 
are dried and = sold for fertilizer. 
Sedimentation tank skimmings are sold 
to an extraction company which re 
covers the animal fats and vegetable 
oils for their commercial value 

The districts have long been an ad 
vocate of disposal of primary sewage 
effluent into ocean waters, the interest 
dating back to the early 1920’s when 
the now-retired Chief Engineer, A M 
Rawn, first began investigation of the 
phenomena associated with ocean out- 
falls. To date, the districts have con- 
structed and successfully operate three 
major ocean outfall pipes. One is 60 
in. in diameter, extending 5,000 ft off 
shore and discharging into 110 ft of 
72 in. in diameter, extend- 
ing 6,500 ft off shore and discharging 


water; one 


into 165 ft of water; and one 90 in. in 
diameter, extending 8,500 ft off shore 
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and discharging at a depth of 215 ft. 
These outfalls have been designed and 
constructed to take advantage of favor- 
able ocean currents, the temperature 
differentials effluent 
and ocean waters, and the great ea- 


between sewage 
pacity of the ocean waters for waste as- 
similation. 

While dispersion, dilution, and the 
thermocline, with 
venerally 


favorable 
have 


together 


ocean currents, been 
sufficient, a 


tem 


chlorination 
is available to maintain 
counts within specified limits. 

In addition to the huge Joint Dis- 
posal Plant, the districts also operate 


massive SYs- 


bacteria 


and maintain five small secondary sew- 
age treatment plants. Two of these 
are in the Antelope Valley north of 
Los Angeles where the climate is ideal 
for the oxidation ponds for 
secondary treatment. One plant, serv- 
ine the community of Laneaster, 
utilizes about 230 acres of oxidation 
ponds to evaporate effluent from the 
plant treating about 2 


use of 


med. There is 
no percolation to the underground in 
this area because of the extreme tight- 
ness of the alkali soil. The other plant, 
serving the community of Palmdale, 
treats about 0.7 and sells the 
water the oxidation ponds for 
irrigation of alfalfa. 

activated 
Pomona, 


med 
from 


sludge 
constructed 


plant at 
prior to the 
formation of the sanitation district in 
that area, has been maintained in op- 
eration, construction of 
water reclamation 
unit at a capacity of about 4.5 med. 
A portion of the very high quality, 
chlorinated effluent is sold for irriga- 


following 
trunk sewers, as a 


tion of pasture land and citrus groves 
and the remainder percolated to the 
underground to recharge aquifers. 
Two small 
filters for 


high-rate 
treatment 
erate as water reclamation units. 


plants using 


secondary op- 
One, 
operating at a capacity of 0.7 mgd, 
treats domestic sewage from the city 
of Azusa. The other, owned and eon- 


structed by a large brewery, is oper- 
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ated by the sanitation district to treat 
0.5 mgd of non-sanitary wastes from 
the brewery. Unchlorinated effluent 
from both of these plants is returned 
to the underground by means of per- 
colation through coarse gravel strata. 


Basic Concepts 


From the first inception of the sani- 
tation districts, the guiding philosophy 
has been to provide a maximum of 
service and to safeguard publie health 
without undue burden to the tax- 
payers. To accomplish these goals, all 
engineering design has been coneeived 
and earried to fruition using sound 
and thoroughly tested engineering 
principles. While an eve has been kept 
on simplicity of operation, automation 
has been thoroughly exploited to re- 
duce personnel requirements and 
thereby operating costs. These prin- 
ciples have resulted in the full utiliza- 
tion of the ocean waters as an adjunet 
to sewage disposal, development of 
stage digestion of sewage solids, and 
utilization of sludge gas to operate gas 
engines. One of the more recent de- 
velopments consists of construetion of 
special hopper-bottom digestion tanks 
which can be cleaned while the tanks 
are in full operation, resulting in tre- 
mendous savings in and man- 
power. District research and develop- 
ment have resulted in an exceptionally 
satisfactory system for control of the 
density of the raw sludge pumping 
from the primary sedimentation tanks. 
The system, which is fully automatie. 
uses a radioactive source in conjune- 
tion with an ionization chamber to in- 
dicate the density of the sludge being 
pumped, and the pumps are in turn 
controlled by the density of the sludge 
desired. Interlocking electric controls 
start and stop the pumps and open 
and 


costs 


recording instru- 
ment indicates a continuous reeord of 
the full operation. The savings in man- 
power and digestion tank capacity 
have been considerable. Dewatering of 
the digested sewage solids after passage 


close valves; a 


No. 10 
| > 
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tanks is 


digestion 


the 


accomplished 


through now 


mechanically by means 
These 


chemical 


of large, continuous centrifuges, 


machines, which require no 
of digested sludge, have 


pretreatment 
a capacity of about 150 gpm each and 
produce a dried sludge eake which is 
for 


amount of additional drying. 


nominal 
Centrate 
from the machines contains only dis- 


sold fertilizer after a 


solved solids alone with the finer frae- 
tion of the suspended solids and can 
through the 
have 


disposed of 
The 
the 
reaching the atmosphere and at 
time they 
sludge-dewatering process. 


be readily 


ocean outfalls. machines 
odor 


the 
the 


vreatly reduced amount of 


same have simplified 


Industrial Waste Policy 


the 
the districts have been designed to en- 
As a 
Dis- 
posal Plant contains a very high ratio 
Pretreatment of 


Policies formed over vears by 
courage industrial development. 


result, sewage reaching the Joint 


of industrial wastes. 
industrial wastes at the point of origin 
is required where such wastes may con- 
tain 
be harmful to the outfall system, treat- 
Sur- 


chemicals or solids which might 
ment process, or littoral waters. 
veys and studies made to date have not 
shown that the high ratio of industrial 
the effluent has 
deleterious effect on the 
In fact, 
underwater that 
fish Indus- 
trial plants pay no surcharge for in- 


wastes in primary 


caused any 
flora and fauna in the ocean 
photography shows 
life abounds in the area. 
dustrial wastes, but they are assessed 
on the the 
tax prop- 
erty in the district. 


basis of real 


property at 


same rate as all other real 


Refuse Disposal Policy 

In 1947, the Los Angeles County Air 
Pollution Control District ordered 
dump sites to cease the burning of 
rubbish, effecting the 
of several dump sites which were not 
sanitary 
filling of 


prompt closing 


conversion To 
the 


suitable for 


landfills and hastening 
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remaining disposal sites. The resulting 
need for disposal facilities prompted 
the officials of several cities to request 
that the County Sanitation District 
Act be amended to inelude refuse dis- 
posal as one of the Districts’ activities. 
In 1949, amendments to the health and 
safety code authorized the collection 
and disposal of refuse by Sanitation 
Distriets; the act later amended 
in 1953 and 1957 to limit 
refuse activities to those of disposal, 


Was 


again in 


since many cities evidenced little need 
for district-wide refuse-collection 
system. 

Basic to the refuse disposal program 
the 


disposal facilities on a 


has been establishment of refuse 
“*self-liquidat- 
ing’’ basis. Property taxes at a very 
modest level were assessed during the 
formative years of the refuse disposal 
program to provide a capital reserve 
fund for the purchase of real prop- 
erty, and 


acquisition of the necessary materials 


improvements thereupon, 


and equipment. 
at landfills and 


Charges for disposal 
transfer 
established at such rates as to pay all 


stations are 


operation and maintenance costs as 
well as to return to the capital reserve 
fund all expended moneys. 

Currently, the sanitation distriets of 
Los Angeles County are operating two 
major landfills and one refuse-transfer 
station. Two additional sanitary land- 
fills are planned for the first quarter 
of 1960; the fifth sanitary landfill will 
begin operations during early summer 
1960. will be pro- 
vided as local private and publie land- 


Transfer stations 


fill sites are exhausted, with an ulti- 
mate program calling for 20 or more 
and subse- 


refuse-transfer stations 


quent hauling to mountainous areas 
as far as 50 miles from the metro- 
politan area. 
Organization 

The Districts own and maintain a 


joint administrative office which is een- 
trally 
county. 


the entire 
The office serves as headquar- 


located to 


serve 


4 
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ters for all and is the 
meeting place for the various boards 
of directors. Here, under the direction 
of the chief engineer and general man- 
ager, all clerieal and fiscal business of 
the districts is conducted, engineering 


operations 


design undertaken by the Districts’ en- 
vineering staff, and plans and specifica- 
tions prepared for new work. The 
two divisional 
field offices, one to serve the northern 


Districts also maintain 


portion and one to serve the southern 
portion of the county. From these 
offices, the Districts” far-flung, county- 
wide system of trunk sewers and pump- 
ing and main- 
tained by a comprehensive maintenance 
program. 


plants is operated 
Special testing crews con- 
duct routine tests ou sewage samples 
from carefully — selected 
throughout the system to make certain 
that be harmful to 
the system are not discharged to the 


locations 


wastes which may 


sewer. Frequent inspections are made 
to determine the the 
trunk sewers and manhole structures. 


condition of 


Flow measurements are conducted pe- 
riodically with trained crews through- 
out the joint outfall system to properly 
determine the proportionate costs as 
required by the Joint Outfall 
ment. 


Agree- 


These divisional offices also serve as 
headquarters for the field engineering 
staff since all new construction, except 
for the small amount which falls un- 
der the category of operation and main- 
tenance, is done under contract. This 
staff includes well-trained construction 
inspectors, and engineers. 
Inspection of connections to the Dis- 
tricts’ system is expedii-< from these 
field offices which also serve as informa- 


surveyors, 


tion centers on the location, size, and 
availability of the Districts’ facilities. 


SANITATION 


DISTRICTS 


Districts a Confederation 


The County Sanitation Districts in 
reality are a large confederation of 
communities, joined together for 
mutual benefits and disposal of com- 
munity wastes. Consolidation has re- 
sulted in construction of a large, well- 
integrated system to serve many com- 
munities which might not have been 
financially able to even afford sewers. 
Formation of the districts has in itself 
provided a uniform policy for all dis- 
posers throughout the county which 
in turn has aided industrial and 
residential development. This has 
produced great savings, both in con- 
struction and in The 
organization has made available to 
each community, through membership 
in a sanitation district, a well-trained 
staff of engineers and scientists and 
through their efforts guaranteed the 
protection of public health by means 
of efficient waste disposal facilities. 


operation, 


Summary 


Experience has shown that forma- 
tion of a sanitation district in a new 
area materially increases property val- 
ues, simplifies sewage disposal prob- 
lems, and encourages the general de- 
velopment of the area. The unqualified 


success of the sanitation districts in 
Los Angeles County has already 


prompted formation of numerous simi- 


lar districts in other counties in the 
state of California. 
Activities and operations of the 


County Sanitation Districts have been 
directed by the late A. K. Warren and, 
until recently, by A M Rawn. At 
present, C. R. Compton serves as Chief 
Engineer and General Manager. 


1087 


Civil Engineer, Brown 


fuckland Vetropolitan Drainage 
} 


By NORGAARD, 


industrial 
wastes from San Jose. California. and 


Disposal of sewage and 
vicinity to the tidewaters of southeast 
San Francisco Bay has been a problem 
for at There is a high 
indus- 


least 30 vears. 


fruit canning 
and the 
similative capacity of that portion of 
the bay is limited 


concentration of 
tries in the area, Waste as 
These factors cause 
seasonal gross pollution of the waters 
and result in hydrogen sulfide produc 
tion and a widespread odor nuisanee, 
Following the recommendations of a 
1946 report 
(2). plans were completed in 1950 for 


county-wide survey and 
primary sedimentation and sludge di 
treatment in 
oxidation ponds to be situated in tidal 
Liti- 
gation over land for the ponds delayed 


gestion, with secondary 


marshland adjacent to the plant. 


the program for five vears and resulted 
in virtual abandonment of plans for 


ponds as a sole means of secondary 


treatment. As a first step in correc- 


tive action, a 36-mgd primary treat- 


ment plant was placed in service in 
December 1956 (2 Due, 
the nature of the fruit waste, no meas- 


however, to 


quality was achieved during the 1957 
In May 1958, the city 
authorized a one-year study of and re 
port on (a 


urable improvement in receiving water 
canning season 


receiving water capacity, 


* Presented at the 32nd Annual 


2 Meeting. 
Federation of Sewage and Industrial Wastes 
Assns.; Dallas, Tex.; Oct. 12-15, 1959. 


Industrial Wastes 


TREATMENT OF COMBINED SEWAGE AND 


CANNING WASTES * 


Hicks, 


and Caldwell, San Francisco, Calif 
Board, 


_ Brown and Caldwell, San Francisco, 


FRUIT 


AND Donanp A. REINSCH 


Chief 
fuckland, N. Z.: and Civil 
Calif. 


Chemist, 


b) applicable secondary treatment 


processes, and (¢) preliminary designs 
and costs of feasible alternative plans 


In April 


obtained for a 


for treatment and disposal. 
1959, 


seven-month 


approval was 


extension of this under- 
This with the 
second phase of the work, namely, the 


experimental 


taking. paper deals 


studies of applicable 


treatment processes. 
Wastewater Sources 


The 


plant, in which Santa Clara recently 


San Jose sewage treatment 
acquired an interest, serves those two 
cities, five other municipalities, and six 
practically all the 
Santa 
San 


sewerage districts 


urbanized parts of the Clara 


Valley. The 


shown in Figure 1. 


location of Jose is 


The population of metropolitan San 
In 1950, there 
persons in the 


Jose is growing rapidly. 
120,000 
potential sewerage service area of 300 
Now £100,000 
sons, about 350,000 of them tributary 


were about 


sq miles. there are per- 


to the system. Projections indieate a 
700,000 by 


1985 


tributary 
1970, 
) 


Figure 2 


population of 


and 1,200,000 by about 


Supporting this population are in 
tensive valley farming and an indus- 
trial complex ranging from the historic 
prune-drying operations to those in- 
volved in nuclear and 


power space 


> 
* 
a \ 
—_— Sg fe 
‘ 
j 
4 
3) 
| 


CANNING WASTE AND SEWAGE 


LO89 


SAN PABLO 
BAY 
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(SAN 
FRANCISC 


an 


=) 


VALLEJO 


SCALE IN MILES 
o 2 4 


AKL AND 


) 


flight. 
nonseasonal 


Wastes from rapidly-growing 
industries exert a_ total 
BOD equal to that from the contribu- 
tory population. 


The seasonal canning 


industry, although stable in size, re- 


mains a major source of manufacturing 
employment (Figure and a prin- 
cipal contributor to the waste disposal 
problem. 


National production figures indicate 
the size of the San Jose-Santa Clara 
canning industry: 23 
served the 
plant process 


23 canning plants 
wastewater treatment 


12 cent of the 


by 


per 


FIGURE 1.—Location map of San Francisco Bay area and San Jose. 


peaches, 20 per cent of the pears, and 
45 per cent of the fruit cocktail canned 
annually in the United States.  Ex- 
tending generally from late July to 
mid-September, the canning season is 
marked by a four-week peak during 
which more than 5,000 tons of fruit are 
processed daily, six days per week. 
The peach-pear season is preceded by a 
small apricot pack, and is overlapped 
and followed by a substantial tomato 
pack. 

All the canning plants are scattered 
within the central areas of San Jose 
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FIGURE 2.—Santa Clara County 
population. 


and Santa Clara, both of which are 
about seven miles from the treatment 
plant. Obviously, therefore, separate 
collection systems for the seasonal 
wastes would not be feasible. It would, 
however, be feasible to obtain partial 
separation of (a) the growing sub- 
urban areas and (b) the more stable 
central sections, including the canning 
operations. This plan is considered in 
developing the treatment alternatives. 


Combined Waste Characteristics 


As shown in Figures 4, 0, and 6, plant 
loading in terms of volume, suspended 
solids, and BOD rises sharply during 
the four-week fruit processing peak. 
In the 1958 peak, the average weekday 


flow rose from 82 to 55 mg, suspended 


solids loading from 130.000 to 220.000 
Ib, and BOD loading from 100,000. to 
420.000 Tb. 


(9429 (950 95 952 953 935 956 957 9s@ 
year 


FIGURE 3.—Manufacturing employment 
in Santa Clara County. 
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MGO 


averace 
50 


<—MIN HR RATE 


SEWAGE VOLUME 


FIGURE 4.—Raw wastewater flow to 
San Jose plant in 1958. 


In terms of composition, the cCom- 
bined sewage and waste is marked by a 
high BOD (Table 1), which averaged 
920 mg 1 in August 1958, and high 
total volatile solids—1,410 mg/l during 
the same month. <As a result of the 
use of fine screening by the canners, 
suspended solids were 480 mg/l, or 
slightly lower than in the off-season 
months. Suspended matter, however, 
was flocculent and formed a light volu- 
minous sludge. Settleable solids by 
volume averaged 35 ml/l in August 
1958, compared to 10 ml/1 in a typical 
off-season month. 

It is evident that most of the BOD 
of the combined sewage and fruit waste 
is exerted by dissolved organic matter, 
primarily fruit sugars and acids. As 
a result, removal of BOD by primary 
treatment, normally 35 to 40 per cent 
in off-season, drops to 20 to 25 per 
cent during the processing peak. 

Influent pH values in the 5.0- to 6.0- 
range are attributable to fermentation 


ki, Cerriuent 


SUSPENDED SOL/0S WOO PER 


“2 9 25 8 5 22296 13 20273 
JUNE seer ocr 


FIGURE 5.—Suspended solids data at the 
San Jose plant in 1958. 
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of sugars and their conversion to or- 
vanie acids and carbon dioxide during 
the four-hour transit 


plant. 


to the treatment 
Fermentation is aided by the 
high average temperature of 28.7°C, 
Total organic nitrogen concentration of 
34 me 1 indicates a BOD: N ratio of 
25, which is considered nearly optimum 
for biological treatment. In reality, a 
gross deficiency in readily available 
nitrogen exists since the BOD : NHs-N 
ratio is in the range of 150 to 200. It 
is suspected that ammonia nitrogen is 
utilized by organisms 
during the transit to the 
plant and that the high organic nitro- 


fermentation 
four-hour 


gen content may be predominantly due 
to cell material of live organisms rather 
than waste proteins. Phosphate con- 
the other hand, are 


centrations, on 


about 20 mg/l and are ample for bio- 
logical treatment. 


TABLE I. 


Sewage Character: 


PI 


Determination 


Average 
5-day 20°C BOD 920 
Suspended solids! 

Total 480 
Volatile 360 
Settleable solids (ml/! 35.3 
Total solids 2 480 
Total volatile solids 1,410 
pH 6.0 
Alkalinity 270 
Chloride 136 
Total sulfide 1.0 
COD (3 min): 53 
COD (4 hr) 320 
Ammonia nitrogen® 5.1 
Organic nitrogen® 32.4 
Total nitrogen 36.4 
BOD/NH,-N 180 
BOD /total N 25 
Oxygen utilization rate (mg/I/hr) 20° 
BOD rate constant, k, at 20°C 0.38! 
Temperature 28.7 
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FIGURE 6.—BOD data at the San Jose 
plant in 1958. 


Another important characteristic in 
and 1 suitable 
method of treatment is an extremely 


selecting designing ¢ 


high rate of oxygen uptake by the sew- 


istics, Week Days, August 1958 * 


ant Influent Plant Effluent 


Maximum Minimum Average Maximum Minimum 
1,460 600 680 870 530 
960 260 120 250 50 
660 160 
53.5 14.0 8.7 24.0 4.9 
3,270 1,950 1,930 2,190 1,570 
1,870 1,050 1,080 1,440 600 
6.6 5.5 5.6 6.5 4.9 
360 180 220 340 110 
298 90 
2.5 0.4 1.1 1.8 0.4 
68 32 40 51 32 
410 260 240 280 180 
8.5 1.7 4.3 8.5 0 
34.5 30.1 20.3 22.3 18.4 
39.3 31.8 22.4 22.9 21.9 
160 
30 
0.40° 
30 27 


* Except as noted, all analyses results are of weekday composites and are expressed as mg/l. 


> By filter paper method. 
asbestos mat. 


* Cold permanganate method. Analyses n 


‘ Four analyses only of samples collected August 21, 25, 26, 


¢ Average value for 4 hr at 29.3°C. 
f August 7 sample. 
£ August 21 to October 1. 


Effluent sample results are lower than obtained with standard 


ade only August 20 to 31. 
and 27. 


At temperature of measurement, 29.3°C, k = 0.54 and 0.58. 


JUNE war 4ue “er 
j 
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FIGURE 7.—Effect of time on influent 
BOD. 


age. For raw sewage, 1-day BOD re 
sults were 65 per cent of the 5-day ; 
for settled cent. At 
28.0°C, oxyeen uptake by settled sew 


age, determined by the Warburg mano 


sewage, 73 per 


metric respirometer procedure, ranged 
from 35 to 45 me l/hr 8-hr 
period. Assuming the monomoleeular 
BOD of 
constant 


over an 


equation is applicable to the 
this waste, the reaction rate 
k computed from the two 5-day series 
0.615 for the 
The curve for the 
sample taken September 16, practically 


(Figure 7) is 


first 2 


equal to 
to 3 days. 
at the close of the fruit canning season. 
appears To have a second carbonaceous 
stage with a / value of 0.14. Nitrifica 
tion accounted for only 40 mg/l of the 
do-day demand. In summary, the 5 
day BOD of the combined sewage and 
erude 
measure of its oxygen demand and is 


waste of San Jose is at best a 
not comparable to the o-day demand of 


a normal sewage. Caution must be 
taken, therefore, in comparing or ap- 
plying normal design factors and per- 
formance criteria to the San Jose prob- 
lem. 
Anticipated 
and 


change in the fruit processing, 


erowth of population 


nonseasonal industry, with no 
would 
result in the design loadings indicated 
in Figure & For the 


volume 


next deeade, 


sewage and waste during the 
peak month is expected to rise from 55 
to 94 med, while BOD is expected to 
25 per cent, from 420,000 


The 


inerease but 


to 535,000 Ib/day. resulting 
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change in concentration and other char- 


acteristics must be taken into consid- 


eration in process selection and design. 


Experimental Program 


Three general methods of treatment 
were investigated : 


1. Anaerobic 


secondary 


primary plus aerobie 
activated 
sludge and high-rate trickling filter. 


treatment by 
Primary sedimentation plus see- 
by high-rate filter, 
both single-stage and two-stage. 

3. Activated inelud- 
ing several modifications thereof, both 
with 


ondary treatment 


sludge process, 


and without primary sedimenta- 
tion. 


Different degrees of treatment 
investigated for all of the general proe- 


Such 


were 


OSSES, information is needed to 
compare costs of alternative projects 
involving longer outfalls and lower de- 
vrees of treatment versus shorter out- 
falls and higher degrees of treatment. 
The 1958 bay studies showed the de- 
sired degree of treatment to range from 
76- to 92 per BOD removal. In 
addition, the use of oxidation ponds 
following an 


cent 
intermediate degree of 
treatment is being considered. 

Both bench-scale and pilot treatment 
facilities were operated, the latter be- 


SEASON 


PRESENT OFF 


PERCENT 


7970 
FIGURE 8.—Projected San Jose volume 
and BOD. 
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FIGURE 9.—Profile of 1958 laboratory units. 


ing studied only during the 6- to 8- 
week fruit canning season. Thomas et al. (5). 


In 1959, the glass-fiber filter method final settling tank. 


FIGURE 10.—Laboratory units. 


Feed was continu- 
outlined by Nusbaum (4) was used, ously pumped to the digester by a 
and gave entirely satisfactory results. pulsating pump that also served to re- 
Volatile acids were determined in 1959 — eyele first-stage sludge to the digester, 
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FINAL 
SEDIMENTATION 
TANK 


EFFLUENT 


by the ether extraction method of 


In general, laboratory procedures The bench-seale unit (Figures 9 and 
followed ‘*Standard Methods’? (3). 10) was set up in the treatment plant 
Exceptions included the suspended sol- laboratory. It included a digester for 
ids determination. In 1958, the filter anaerobic treatment of the whole waste, 
paper method was used, which gave gas collection and measuring facilities, 
low results for settled and final ef- an intermediate sedimentation vessel, 
fluents, even with one-liter samples. a second-stage aeration vessel, and a 
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PILOT PLANT SITE 


SCALE IN FEET 


100 200 


KEY PLAN 


SAN JOSE SEWAGE TREATMENT PLANT 


FIGURE 11.—Location of pilot plant site. 


and as desired, second-stage sludge to 
the activated 
sludge was fed to the digester manu- 
The 

digestion 
effluents, 
venerally 80 to 


aeration tank. Excess 
whole 
and 


Was at 


ally, usually once a day. 
including 
feed and 
temperature 


operation, 
storage of 
rool 
85°F. 

The pilot plants were built near the 
the main 


pretreatment building of 


plant. Sewage was pumped from the 
Parshall flume, which is 
from the bar sereens and grit channels 
(Figure 1] At the pilot plants (Fig- 
ure 12), the influent passed through a 
small comminutor to a 
channel 20 ft 


downstream 


distribution 
All the 


plants were served by a single- and 3- 


above ground. 


phase power supply, low-pressure air, 


high-pressure digester gas supplies, and 


FIGURE 12.—Pilot plant for experimental studies of treatment of sewage and 


cannery wastes. 
treatment plants. 


Layout provided for simultaneous operation of nine independent 


LOO4 
MAIN PLANT RO J 
= 
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astiup pump and piping for returning 
effluents and waste sludges to the main 
plant influent channel. <A field labora- 
tory provided for control tests and re- 
frigerated storage of composite sam- 
ples. 

Principal pilot plant units consisted 
of 39 tanks, made of stacked concrete 
pipe, and 9 trickling filters. These 
comprised three parallel plants or bat- 
teries for each of the three types of 


processes (Figure 13). Digestion and 


aeration tanks were in multiple units 


of 8-, 4-, 2-, and 1l-hr detention, at a 
nominal flow of 40 cfh (5 gpm), to 
provide necessary flexibility. These 


tanks ranged from 66 to 27 in. in 


PRI. SED. & 
3 ACT. SL.|3 HIGH RATE 


IBATTERIES’ FILTER | 


3 ANAEROBIC 
BATTERIES 


BATTERIES 
1958 


FIGURE 13.—1958 pilot plant layout and 
tanks in service. 


diameter and had water depths of 12 to 


14 ft (Figure 14 Kor digester stir- 
ring, gas from the main plant was 
injected near the bottom. The di- 


vesters were left open in 1958 but were 
equipped with floating covers in 1959. 

Each aeration tank was equipped 
with a in 1958. Beeause it 
was found that the small, deep tanks 
provided insuffieient 


sparger 


vertical velocity 
for sparger action, plastic-wrapped dif- 
fusers were used in 1959 in conjunetion 
with an air blower installed as a pres- 
sure booster. Also in 1959 two aera- 
tion tanks were equipped with variable- 
speed turbine diffusers 


having ring 


Spargers. 
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fitting (Typ) 
Concrete 


Infiuent 


SEWAGE DIGESTER 
Height 16 ft, Dio 66 ond 48 in 


FIGURE 14.—Profile of digester. 


All sedimentation tanks except the 
large primary tank had a diameter of 
42 in., a side water depth of either 5 
or 7 ft, and a 60° cone bottom. Total 
water depths were 8 and 10 ft (Figure 
15). Low inlet velocities at high rates 
of recycle were achieved by using an 
annular skirt for circumferential dis- 
tribution. At the design flow rate of 
40 cfh, detentions were 114 and 2 hr for 


the 8- and 10-ft depths. The surface 


Influent Y 
_ | 
ffi 
Q 
Sheet oluminum 
skirt 
| Sludge hopper 
(Steel trowel! finish) 


y recycle 
\ 

Lj : an 
| | Gate 


‘ Valve 


base slab. 


SEDIMENTATION TANK 
Height 10 ond I! ft, Dia 42 in 


FIGURE 15.—Profile of sedimentation 
tank. 
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HIGH RATE TRICKLING FILTER 


ncide length 725 ft, width S28 ft, depth €0 S25 


FIGURE 16.—Profile of trickling filter. 


rate was 4.6 fph, corresponding to 830 
epd sq ft, and the effluent weir rate 
was 8,000 gpd, ft 

Each of the trickling filters 
193 cu ft of 3- 
rock having a depth of 5 ft, with a sur 
Influent 
distributed by a tipping trough and a 


Figure 
16) contained to 6-in. 


face area of 38.6 sq ft was 
perforated, corrugated aluminum tray 
above the Filter effluent, 
passing through a wooden grill rock 


rock atter 
support, was collected on a polyethylene 


sheet and discharged to a receiving 
sump. Both the tipping trough and 
filter had three 


rates could be altered. 


sections so that loading 


Each anaerobic battery had a vae 
uum degasifier, containing 82. trays, 
mounted between pole supports (Fig 


ure 17 Rotary vacuum pumps were 


controlled by mercury manometers to 
hold the vacuum within 1, in. of the 
?1-in. level 

Pumps for reeyeling sludges and 


filter effluents were a rotary positive 


displacement type with neoprene im 
drives 
12 to 200 eth. 


used 


pellers. Variable speed pro 


Air 


in reeyeling ac- 


vided a range of 
lifts 


tivated sludge, 


were also 
and splitter boxes were 
used to proportion waste and return 
enable measurement of 


flows and to 


reeyele rates. Erecting and altering 
plant piping was made much easier by 
the. use of flexible polyethylene pipe, 
but 


troubles due 


insert fittings tended to aggravate 


to air binding 
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Anaerobic Primary Plus Aerobic 


Secondary Units 


The anaerobic process tested was es- 
sentially identical with that developed 
that 
In that 
process, the whole waste 1s passed into 


for meat wastes (6) (7 except 


the digesters were not heated. 


a tank of actively-digesting sludge hav- 
ing a concentration in the mixture of 
10.000 to 20.000 me/l. Sludge solids 
in the digester effluent are then sepa- 
and 
To get consistent sol- 
the 
digester effluent by exposure to vacuum 


rated by sedimentation returned 
to the digester. 
ids separation, degasification of 
or by other means is usually necessary. 


Laboratory Unit 


The unit 
almost continuously from May to mid- 
October 1958, but 
1959. Operation was din ided into 10 pe 


laboratory was operated 


Was not set up in 
riods or runs, each marked by changes 
feed 


method of operation. 


in loading, characteristics, or 


Before and after the fruit canning 


To Vacuum stl 
Pump -Splash deflector 
r= 


+— Plastic nipple 


| 


-32 Aluminum Trays 
al Assembly 4ft high 


{| 


Influent 


‘ Effluent to 
Intermed. Sed. Tank 


VACUUM DEGASIFIER 
Height 10 ft, Dia. 17 In 


FIGURE 17.—Profile of vacuum degasifier. 
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TABLE Il. Summary of Laboratory Plant Loading and Performance 


Item 


Test per iod 


Anaerobic stage 


Elapsed time (days 19 6 13 


Series 


7/24 /25 ( 
24 8/8 | -25 | -28 17 | -10/11 
6 16 & 


Digester detention (hr 6.6 4.2 1.6 4.5 4.2 4.4 4.0 1.4 4.2 
5-day 20°C BOD | 
Influent (mg/l) | | 620F T70t =| | 310* | 540f S70F 
effluent (mg/l! 340 580 | 340 |210 | 230 | 315 141 270 140 
Loading (1b/1,000 eu ft)) 330 130 270 210 270 260 110 180 310 
Efficiency (per cent 64 52 | 59 66 70 60 55 51 1) 


Gas produced 
Cu ft per Ib BOD 


applied) 2.1 


Carbon dioxide (per cent 12.0 7.8 
Methane (per cent 75.5| 81 


Aerobic stage 


Aerator detention (hi 5.9 4.1 
5-day 20°C BOD 
Influent (mg/| 340 580 340 
Effluent (mg/l 87 | 150 53 
Loading (Ib/1,000 cu ft), 86 230 125 
Efficiency (per cent 75 75 85 


Total BOD removal 


per cent) 91 8S O4 


300 


*Raw sewage from city of Stockton South Plant 


3.0 1.8 3.3 2.8 2.8 
6.0 6.8 6.2 5.4 8.0 
83.2 83.2 82.5 84.5 80.0 


210 250 200§ 141 270 140 
52 91 32§ 8.7 44 50 
SO 61 110 19) 


SS 90 93 


, August 25-28 inclusive, average BOD, 


+ Raw San Jose sewage fortified with homogenized canned dietetic peaches and pears. 


t Raw San Jose sewage, not fortified. 
§ Seven-day period, August 18-25 only. 


season, feed consisted of raw sewage 


fortified with homogenized dietetic 
canned peaches and pears. The forti- 
fied sewage was held at room tempera- 
ture overnight, and gently agitated 
with compressed air to allow fermenta- 
tion to begin and thus to simulate the 
condition of the combined wastewater 
on arrival at the treatment plant. The 
prepared batch was then sampled for 
analysis and fed to the digester over a 
period of 24 to 48 hr. 

It was unnecessary to stir the di- 
vester contents. About every 15 min 
vas trapped in the sludge developed 
enough buoyancy to lift the entire mass 
to the top of the vessel. The gas was 


freed in the accompanying turbulence 
and the sludge quickly resettled. 

In the nine periods reported (Table 
Il), digester detention, based on aver- 
ave feed rate, was 6.6 hr for the first 
run and 4.0 to 4.6 hr for the rest. Ona 
volumetric basis (Figure 18), BOD 
loadings ranged from 180 to 430 Ib 
1,000 eu ft of digester capacity for 
seven of the periods, and 110 Ib for an 
unexpectedly weak sewage for the 8th. 
Kirst-stage or primary BOD removal 
ranged from 49 to 70 per cent. Gas 
production ranged from 1.8 to 3.3 eu 
ft/lb of BOD applied, and methane 
content ranged from 75 to 84 per cent. 

Solids separation without degasifica- 
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FIGURE 18.—1958 laboratory treatment efficiency in terms of 


The SDI 
was normally in the range of 2.9 to 4.0; 
the sludge was granular in structure, 


tion was never a problem. 


and settled and compacted rapidly. 


The anaerobic effluent was low in 
suspended solids, but high total 
sulfide. With a pH normally in the 


range of 7.1 to 7.6, the odor was pre 
dominantly fishy or amine-like. 

In the second stage, the aeration pe- 
riod (Table I] 
first 
the other 7 


5.9 hr during the 
from 3.4 to 4.1 hr in 
After the third period, 
the return of activated sludge from the 
final 
was 


Was 


series and 


tank to aeration 
Without adequate 


sludge on an ap 


sedimentation 
discontinued, 

means for wasting 
proximately continuous basis, overnight 
sludge buildup was excessive. In sub- 


sequent runs, activated sludge growth 


Vocuum 


Digestion 
Tonk intermediate 
Sed. Tank 


Sludge 


Pump 


BOD removal. 


Vacuum Degasifier 


BATTERY I 


Was adequate without any return. 


Large growths of Sphacrotilus natans 
and of Beggiota alba, however, tended 
to accumulate in the aeration vessel be- 
cause of the relatively small size of the 
vlass tubing outlet. This situation was 
controlled by periodie cleaning of the 
aeration unit. 

BOD loadines of the aerobie second 
60 to 230 1b/1,000 
BOD efficiency 
from 60 to 94 per cent, and, 
apparently because of the variable ae 
tivated 


stage varied from 


cu ft of aerator volume. 
ranged 


concentration, it ex- 
hibited little if any relation to the fore- 


sludge 
voing loading parameter. Over-all re- 
moval for both stages was between &S 


and 97 per cent. Highest removal was 
with unfortified waste during the peak 


of the fruit canning season. 


Aeration 
Tank 


Final 
Sed. Tank 


Effluent 


Sludge 


FIGURE 19.—Flow diagram of anaerobic primary and aerobic secondary 


for Battery I, 1958. 
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BATTERY I ANAEROBIC PRIMARY 


The final effluent was generally clear, 
and and the effluent col- 
lected over 24 hr normally contained 
dissolved oxygen. The average 5-day 
BOD ranged from 32 to 91 mg/l for 6 
of the & series. It was 9 me] for the 
lowest digester loading and 150 mg/I 
for the highest. 


odor-free, 


1958 Anaerobic Pilot Plant Units 


Although 24-, 16-, and 8-hr digester 
detention the three 
anaerobic plants or batteries, the sue- 


was possible in 
cessful operation of the laboratory unit 
at much detention led to the 
adoption of 8-, 5.5-, 4-hr deten- 
The digesters were seeded with 
from the main 
plant digesters, and after three to four 
days of low feed input, were placed 


lower 
and 
tions. 


fine-screened sludge 


One battery was pro- 
vided with an aeration tank and final 
settling tank for secondary treatment 
(Figures 19 and 20), and the other two 
with high-rate filters and final tanks. 
Active digestion, as shown by BOD 
removal and production of significant 
quantities of methane, failed to de- 
velop during the 1958 pilot plant op- 
eration. Results at no time approached 
those attained in the laboratory plant. 
Alkalinity and pH values would in- 
crease for a few days, but on the verge 
of reaching optimum levels for methane 
fermentation, they invariably _ fell. 
Changes in feed rates, and such op- 


INTERMEDIATE 
SEDIMENTATION 


WITH SECONDARY TREATMENT BY AERATION 


FIGURE 20.—Schematic flow diagram of Battery I, 1958. 


AERATION 
TANK SEDIMENTATION 
TANK 


erational procedures as recycling, gas 
stirring, and degasifying, resulted in 
better performance in certain respects 
but failed to bring about any marked 
improvement in digestion. In faet, the 
best results were attained during the 
first five days of operation. As a con- 
sequence of the low BOD removals, 
secondary units were overloaded and 
performance was poor. 

However, based on cost estimates de- 
rived from the laboratory unit, the 
City of San Jose approved a second 
season of pilot plant investigation. 


1959 Anacrobie Pilot Units 


Digesters for four batteries, one of 
which utilized former activated sludge 
tanks (Figure 21), were seeded with 
active sludge in late June 1959, and 
placed under low feed by July 1. The 


4 ANAEROBIC 
BATTERIES SLUDGE 


FIGURE 21.—1959 pilot plant 
tanks in service. 
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FIGURE 22.—Degree of BOD removal in 
anaerobic primary, 1959. 


apricot pack, producing some fruit 
waste during July, was expected to 
minimize the shock loading of the 
peach-pear pack by gradual acclima- 
tization of the sludge. Floating covers 
were installed on the digesters and 
three of the four batteries were pro- 
vided with activated slidge second- 
stage facilities 

By July 15 it was found that a con- 
tinuing drop in pIl was caused by the 
high carbon dioxide content of the gas 
used for digester stirring. In a full 
scale plant the stirring gas would be 
recycled and thus be stripped only onee 
of its carbon dioxide. The pilot plant, 
however, used a continuous stream of 
fresh ‘‘foreign’’ gas. This condition 
was overcome by installing a_ pres- 
surized scrubbing tower and using a 
soda ash solution to reduce the carbon 
dioxide content to 10 per cent In 
stallation of equipment needed for ade 
quate control of the scrubber operation 
was not completed until early August, 
and several short periods of high car- 
bon dioxide caused the occasional drop 
in pH in late July 

Despite the correction of the gas sup 
ply, methane production failed to pick 
up with the advent of the strong fruit 
waste in August, and BOD removal 
continued low. Moreover, even at a 
very low feed rate, pH and alkalinity 
dropped in all digesters, and volatile 
acids rose from the 200- to 300-mg | 
range to 500 to 700 mg/l. Analysis of 
the influent for volatile acids showed 
weekday values in the range of 300 to 
350 mg |. Finally, it was noted that 
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the ammonia nitrogen in the digester 
effluents had dropped from a range of 
30 to 50 me 1 to about 15 mel, com 
parable to that of the raw sewage, in 
dicating a decline in the liquefaction 
stage of digestion. 

As a correction, the pH of the feed 
to the fourth battery, beginning on 
August 8, and to the first two bat- 
teries on August 15, was adjusted to 
maintain pH values of 6.5 or higher 
in the digesters. Anhydrous ammonia 
was used for that purpose, as a matter 
of convenience, and not because of pos- 
sible supplemental nutrition. The pH 
of the feed to the third battery was 
not adjusted. In that battery, the pH 
of the digester dropped to 5.5, the vola- 
tile acids rose to 800 me/l, and on 
August 26 the battery was taken out of 
service. 

Kor the rest of the season, with di- 
vester detentions of 9 to 21 hr, alka- 
linity and pll conditions were favor- 
able and total volatile solids in the 
sludge increased only slightly. While 
gas production improved, it did not ap- 
proach the values reached in the 1958 
laboratory unit. Volatile acids in the 
digester closely followed the values 
found in the feed. 


sol 
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FIGURE 23.—Characteristics of 1959 batch 
feed experiment. 


4 
2 
| 
| 
| 
[ acios 7 T T T 
| 
ry 
2 


TANNING 


Preoeration Primary 


Tonk Sed. Tank 

\ 

/ \ \ 


Row 
Sewage \ bah } \ 6¢ 
\ 


Sludge 
to Woste 


WASTE AND SEWAGE 


Woste until Sept 2, 
then to Battery V 


WOSTE 


Filter 


to Waste 


BATTERY VIA 
SINGLE STAGE FILTRATION 


intermediate 
Sed Tonk 


BATTERY VIB 


=> Sludge to Waste 


42" Effiuent 


Final 
Sed. Tank 


F inal 
Sed. Tonk 


Effluent 


TWO STAGE FILTRATION 


BOD loadings and efficiency for se- 
lected periods of operation in 1959 
Figure 22) were far lower than in the 
1958 laboratory plant, and much of the 
time BOD removal was little greater 
than that obtained by primary sedi- 
mentation. As compared with the pilot 
plant results in 1958, however, diges- 
Furthermore, BOD re- 
moval by secondary aeration and set- 


tion improved. 


tling was generally good, although 
loadings were lower than originally 


planned. 

laboratory 
climated to 35°C was made in one-liter 
flasks equipped for gas collection and 
After gas production 


study of sludge ae- 


measurement. 


had stabilized, 520 mg/l of glacial 
acetic acid was fed for three days at 
approximately 14-hr intervals. Gas 


production increased, but was far short 


FIGURE 24.—High-rate filter batteries, 1958. 


of theoretical values. At the end of the 
run, 900 ml of supernatant was. re- 
placed with an equal quantity of raw 
sewage and fruit waste. On the second 
day thereafter, the volatile acid econ- 
tent of the sludge was 370 to 400 mg/I, 
or still in excess of that in the sewage 
feed. In a parallel operation at 24°C, 
the sludge failed to utilize the acetic 
acid. 

Other studies planned in connection 
with the anaerobic 
those 


process, including 
pertaining to sludge removal 
rates in the sedimentation tanks and to 
aeration versus vacuum treatment for 
degasification, were not undertaken in 
view of the failure to obtain an ae- 
ceptable rate of digestion. An_ ex- 
amination was made, however, of the 
effects of 48-hr storage of feed at room 
temperature, as practiced in the opera- 
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tion of the laboratory unit in 1958. Re- 
sults showed marked changes in charae- 
though the BOD re- 
mained substantially the same (Figure 
23). These indicate that mueh 
dissolved volatile matter was converted 


teristics, even 


data 
to suspended volatile solids durine the 


48 hr. 


tions of 


Results varied in two replica- 
the test, each batch 
with quite different character- 
istics the 


using a 
initial 
but in general confirmed 
above conclusion, 

It appears, therefore, that in the lab- 
oratory unit the mechanics of BOD re- 
moval involved: 
(a) adsorption of suspended and col 
loidal 


bacterial 


may have primarily 


matter, including a dispersed 


growth, developed during 


storage and (b) the subsequent methane 
fermentation of the adsorbed 
The fruit 
requires a process involving direct and 
rapid 


Waste as received, however, 
methane fermentation of dis- 
solved carbohydrates, including vola- 
tile acids. The necessary environment 
and flora to attain that objective were 
not developed in these pilot plant in- 
vestigations 
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High-Rate Filters 


High-rate filters were used as a see- 
ondary treatment process only during 
the 1958 canning season. Beeause of 
the ultimate 150-med size of the treat- 
ment filters 


large 


works, would require an 
area. As in 


metropolitan 


excessively most 


large works 
the 


found 


providing 


secondary treatment, activated 


sludge process Was more eco- 


nomical. For this reason, a minimum 
of data is presented here on the hieh- 
rate filter operation and performance. 

On July 24, 1958, the filters 
placed under low load at high 
culation and a week later were further 


were 
recir- 


seeded with secondary sludge from a 
nearby filter plant. The 


operated in single stage for an addi- 


units were 


tional week, then one battery was pro- 


vided with three single-stage filters and 
a second battery with one first-stage 
filter, 
intermediate as 


two second-stage filters, and an 
final 
Despite 


well as a sedi- 
Kigure 24 


the foregoing seeding period, an addi- 


mentation tank 


tional two weeks of operation under de- 
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FIGURE 25.—Performance of high-rate trickling filter, 1958. 


_ | 
po | ° 
| @ 
5 T 
3 
} 
2 
FILTERS 
x 
ae - 20 40 60 80 100 120 140 160 180 
art 


CANNING WASTE AND SEWAGE 


Aeration Tonks (3) 


Final 
Sed Tonk 


Effluent 


W Splitter Box 


Reoeration Tanks 
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FIGURE 26.—1958 activated sludge plant. 


sign load was required to mature the 
filters. 

Loading and performance data on 
pounds of BOD applied per 1,000 eu 
ft (Figure 25) indicate two distinct 
phases of performance: (a) during the 
balance of the peach-pear canning sea- 
son, August 22 to September 15, and 
(b) during the tomato pack and dwin- 
dling pear pack, from September 15 to 
October 2. Performance during the 
latter period was superior to the first. 


Activated Sludge 


In 1958 the following flow patterns 
were used in testing a variety of ac- 


tivated sludge and other aeration 


schemes: 


1. Plain aeration of raw sewage and 
final sedimentation without return of 
sludge. 

2. Plain aeration of raw sewage, fol- 
lowed — by activated 
sludge, final sedimentation, and reaera- 


adsorption on 


tion of the return sludge. 

3. Primary sedimentation, followed 
by the pattern outlined in No. 2 above. 

4. Activated sludge treatment of raw 
sewage without sludge reaeration. 

5. Procedure 4 with occasional use of 
reaerated sludge to maintain a stable 
sludge. 


In 1959 the operational 
primary sedimentation 
activated sludge 
sludge reaeration. 

In addition to operating the pilot 
plant units, investigations of oxygen 
uptake by the and activated 
sludges were made both years, using 


plan was 
followed by 
treatment utilizing 


sewage 


the Warburg manometric procedure. 
At the close of the 1959 season, oxy- 
genation capacity of the several types 
of aeration devices were determined 
for the various tank sizes and shapes. 
Dye tests were also made of sedimenta- 
tion tank detention characteristics. 


1958 Activated Sludge Pilot Plants 


The three activated sludge plants 
(Batteries IV, V, and VI) provided 
total aeration times of 15, 11, and 9 hr 
at the design rate of 40 efh (5 gpm). 
Operation began August 11 at half the 
design feed rate, and the rates of flow 
as well as the operational procedures 
varied during the subsequent 8 weeks 
of tests. <A generalized flow diagram 
is shown in Figure 26. 

Data on BOD loadings and removals 
(Figure 27), as in the case of the high- 
‘ate filters, show significantly poorer 
results during the peach-pear pack, 
compared to the subsequent tomato- 
pear canning period. Of the several 
methods of operation, normal activated 
sludge treatment gave the highest BOD 
removals at given loadings. 

Spot checks for dissolved oxygen 
showed frequent deficiencies in aeration 
capacity in the initial stage of aeration. 
It was also difficult to maintain dis- 
solved oxygen in sludge reaeration 
tanks when raw sewage was fed to a 
plant. 

About September 1, the problem of 
sludge bulking arose in the two bat- 
teries using normal activated sludge 
treatment. The condition was allevi- 
ated, but not entirely corrected, by 
adding reaerated sludge to the system. 
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40 
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Bulking did not occur in Battery V, 
using plain aeration of settled sewage 
followed by adsorption and sludge re- 
aeration, 

Except in the first stages of plain 
aeration, Intensive frothing of the aera 
tion tanks occurred in both 1958 and 
1959. 


1959 Activated Nludae Pilot Plants 


Batteries V and VI, providing total 
aeration times of 11 and 9 hr at the 
design flow of 40 cfh, were used for 
activated sludge in 1959. Flow  pat- 
terns (Figure 28) for both plants al- 
lowed a variable portion of the aera 
tion capacity to be utilized for sludge 
reaeration, and the balance for mixed 
liquor aeration. Step aeration also was 
Battery V. 
As mentioned, the air supply was in- 


used for several periods i 


creased over that oft 1958 Beginning 


August §&. 35 me | of nitrogen in the 


RAS i 


FIGURE 28.—1959 activated sludge plant. 
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FIGURE 27.—Performance of activated sludge unit, 1958. 
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form of anhydrous ammonia was added 
to the settled sewage feed from noon to 
$ am each week day. 

Six periods of operation were studied 
for each battery. These differed in 
BOD loading, detention, or activated 
sludge solids carried in the system. 
The first two, in July, tested the feasi- 
bility of an intermediate degree of 
treatment of the weaker, off-season 
sewage, using relatively low sludge 
concentrations. In the next four pe- 
riods, during the fruit processing sea- 
son, detention periods were gradually 
reduced from 13.6 to 3.8 hr, based on 
average feed rates. comparison, 
aeration time in 1958 ranged from 27 
to 10 hr. Table II] summarizes 1959 
data. 

For the 6 periods with an average 
feed rate of 60 cth, the surface rate in 
the final sedimentation tanks was 7.2 
fph or 1.300 epd/sq ft. At this high 
rate, carry-over of activated sludge 
solids occurred on a number of days. 
To differentiate the aeration phase and 
solids separation phase of the process, 
BOD determinations were also made of 
laboratory-settled effluent samples and 
are indicated as adjusted values. 

Performance during the canning sea- 
son is shown in three ways. Figure 29 
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shows volumetric loading in terms of 
total detention versus effi- 
ciency. The spread of points at deten- 
tion periods of less than & hr indicates 
that other factors, principally sludge 
the affect the per- 

In this, as well as in later 


aeration 


solids in system, 


formance, 
figures, data for Periods 1 and 2, prior 
to the canning season, are plotted but 


not considered in the regression curves. 

The measure of loading, 
pounds of BOD applied per 1,000 eu ft 
of tank volume (Figure 30 


second 


is of in- 


TABLE III. 


Item 


Operating period 3 4 
Dates 


(Davs 


Nominal detention (hr)t 
\eration 7.0 
Reseration 


Activated sludge solids (mg 


5-day 20°C BOD 
Loading faetors 


lh applied per 1,000) cu ft 


aeration 50 
lb applic d per 100 lb activa- 
ted sludge solids 57 30 
In effluent (mg/] 12 31 
Efficiency (per cent 
Primary treatment IS 3 
Secondary treatment 92.0 } 94.7 


Over-all 


Suspended solids 


efficiency (per cent 
Primary treatment 57 65 
Secondary treatment 69 77 
Over-all S7 


lb pel Ib 
0.28 


Excess activated sludge 
BOD removed 


0.50 


* Excluding Sept. 6, 7, 13, and 14. 


activated sludge returned to primary. 


WASTE AND SEWAGE 


Summary of Loading and Performance, Activated Sludge, 1959 


Battery V 


In aeration tanks 1,240) 1,380 

In reaeration tanks 2,060 | 4,080 | 
Sludge volume index (SVI 470) 270 | 
Returned aerated sludge 

per cent of influent volume 


| 0.71 


+ Based on influent volume; in addition: preaeration 1.0 hr, primary sedimentation 1.9 hr, 
final sedimentation 2.0 hr in Periods 3 and 4 and 1.3 hr in Periods 5 and 6. 
t Data for secondary units in Periods 5 and 6 adjusted to allow for carry-over of excess 
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terest primarily as an indicator of 
construction Although a linear 
regression curve has been fitted to all 
points, two curves better satisfy actual 
conditions of operation. Comparable 
loading curves for 1958, without sup- 
plemental nitrogen feed, appear on the 
left. 

The third measure of loading, pounds 
of BOD applied per 100 1b of activated 
sludge solids (Figure 31), is the best 
parameter of the three. As observed 
elsewhere, a break in performance oc- 


cost. 


Battery VI 


5 6 3 4 5 6 
8/19 S31 8/3 | 8/11 | 8/19 8/30 


30 | -9/17 11 19 30 
11 11 
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FIGURE 29.—1959 activated sludge 
efficiency in terms of detention. 


curs in the region of 


ficiency. 


0) per cent ef 
the 
data are reasonably fitted by a straight 


higher efficiencies, 
line, while below 90 per cent a hyper- 
For the latter, the 
curve has been drawn to parallel the 


bolic curve applies 


trend of data from 30 activated sludge 
plants as reported by Haseltine (8 
The significant shift of the curve to the 
right reflects the characteristics of the 
waste, including temperature. 

the desired sludge con- 
diffi- 
cult, as in the period between August 
18 and 29, 


Controlling 


centration levels was sometimes 


when receycling of waste 


activated sludge through the primary 


sedimentation tank inadvertently oc 
curred in four successive days. Dur- 
ing August 10 through 29, with sup 


plemental ammonia feed, sludge volume 


indexes were stable and within work- 


During August 30 to Sep 
tember 17 bulking occurred in both bat- 


able limits. 


teries with the development of S phae 
rotilus natans and a consequent heavy 


loss of sludge in the effluent. When no 
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FIGURE 30.—1959 activated sludge effi- 
ciency in terms of BOD loading and tank 
volume. 
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during the Labor 
Day week end, the sludge was dumped 
and a erowth started with re- 
aerated sludge on hand from the prior 
period. 
fate. return sludge, 
started September 10, was entirely ef- 
fective in Battery V and partly effeec- 
tive in VI. On the whole, 
sludge concentrations August 29-Sep- 


recovery occurred 
new 
This sludge suffered the same 
Chlorination of 
Battery 
tember 17 were far below design levels. 


In Battery VI 
weeks, 


during the last 
aeration detention load- 
ing (220 Ib BOD per 100 Ib of sludge 

Was apparently at or beyond the line 


two 


solids 


of demarcation for stable operation. 
Loadings for Battery V, however, were 
initially lower than during the stable 


operation of Battery VI in the preced- 
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FIGURE 31.—1959 activated sludge effi- 
ciency in terms of BOD loading and aerator 
solids. 

Since 


ing operating bulking 


also began at approximately the same 


period. 


date in 1958, the concurrent Inerease in 
least 
partly responsible for the bulking con- 
dition. 


tomato wastes may have been at 


Aeration Requirements 


aeration 
requirements were obtained by relating 


Basie data for estimating 


oxygen uptake rates (Figure 32) for 
mixed liquor and reaerating sludge, as 
determined in the Warburg apparatus. 
with operating and performance condi- 
tions for the specific days of the War- 
burg tests. The average uptake rate 
for time equal to average aerator de- 
tention feed plus return 
flow) is herein assumed to equal the 
uptake rate in an aeration tank with 


(based on 
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FIGURE 32.—Oxygen uptake rate versus 
time in Battery IV, September 16, 1959. 


feed. This 


vives results on the high or conserva- 


continuous assumption 
tive side because of quite complete mix- 
ing in the tank. In a more detailed 
analysis of data, the may 
be refined by taking into account the 
normal concentration-time distribution 
curve in a well-mixed tank. 


estimate 


Oxygen uptake is expressed in terms 
of milligrams per liter per hour; in the 
example shown, it averages 112 mg/] 
hr for the 2-hr detention time in the 
aeration tank, and 107 mg 1/hr for the 
8.5-hr detention of return activated 
These are ex- 
tremely high uptake rates. 


sludge in reaeration. 
Kor con- 
venience in general application, uptake 
may be expressed as milligrams per 
gram of activated sludge solids 
hour. this 
sludge reaeration uptakes, for example, 
fell between 10 and 20 mg @/hr. 
Oxygen uptake of activated sludge 
solids is a function of the BOD applied 
to the solids. This relationship is in- 
dieated by Figure 33. Since the data 
are for individual days of operation 
rather than for an extended period, 
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basis, all measured 
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FIGURE 33.—Oxygen uptake rate versus 
BOD per activated sludge solids loading. 
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FIGURE 34.—Oxygen uptake rate versus 
sludge age. 


the curve for mixed liquor aeration 
can only be considered as a line of 
trend. 

Oxygen uptake by the sludge is also 
related to sludge age. This inverse re- 
lationship is shown in Figure 34. Again 
the curve indicates the trend. Sludge 
age was determined as the weight of 
solids in the system divided by the 
weight of solids wasted per day from 
the system. 

Providing aeration capacity to meet 
the indicated oxygen demands will be 
a major problem in design of a full- 
scale plant. 


Activated Sludge 


A second problem in plant design 
will be estimating the amount of excess 
activated sludge during the canning 
and waste sludge 
treatment and disposal facilities. 

Oxidation of 
ticularly in reaeration, 
amount of excess sludge as sludge age 


season providing 


sludge solids, par- 


decreases the 
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FIGURE 35.—Excess activated sludge 


solids per BOD removed versus sludge 
age. 
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increases, This inverse relationship is 
shown in Figure 35 in terms of pounds 
of excess activated sludge solids per 
pound of BOD removed, versus sludge 
ave, The linear regression curve for 
the plotted data indicates values rang 
ing from 0.37 Ib of exeess sludge per 
lb of BOD removed at a sludee age of 
6 days, to 0.87 Ib at 1] day 


Summary and Conclusions 


Three basic processes applicable to 
the treatment of a large volume of e¢om- 
bined sewage and fruit canning waste 
at San Jose, California, were investi- 
gated during two canning seasons on a 
pilot-plant seal a) anaerobie pri 
mary treatment followed by either ac 
tivated sludge or high-rate filter see- 
ond-stage, primary sedimentation 
plus secondary treathient by both sin- 
vle and two-stage high-rate filters, 
and (¢) activated sludge, both with 
and without primary sedimentation. 

The anaerobic fermentation process 
failed to remove sufficient BOD to war 
rant further consideration in this proj 
ect, although it showed promise in 
hench-seale operation 

Because high-rate filters would not 
be physically suitable for the large 
treatment works that eventually will 
be required for the San Jose metro 
politan area, they were not studied be 
yond the first season of the investiga- 
tion, 

The activated slud 
porating primary sedimentation, sludge 
reaeration, and supplemental feed of 
ammonia during the peak month of the 


ure proce SS, incor 


peach-pear season, gave a high degree 
of treatment with relatively low aera 
tion detention times. From the stand 
point of flexibility and areal require 
ments, it is best suited to the conditions 
encountered at San Jose Data from 
the investigation will serve as a basis 
for preliminary designs and cost esti 
mates for alternative plans of treat 
ment and disposal. These will differ 
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in degree of treatment and leneth of 
outfall, and will inelude consideration 
of oxidation ponds for tertiary treat- 
ment, 
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RAPID MODIFICATION OF THE 
PY RIDINE-BENZIDINE METHOD 
FOR CYANIDE 


By Myron Brin * 


Thorndike Memorial Laboratory, Boston City Hospital; and the Departments of Biological 


Chemistry, Medicine and Surgery, Harvard Medical School, Boston, Mass. 


Kor studies on the conversion of 
thiocyanate to eyanide by mammalian 
blood (1) it was necessary to have a 
rapid semi-micromethod for eyanide 

* Present address: Departments of Bio- 
chemistry and Medicine, Upstate Medical 
Center, State University of New York, Syra 
cuse, N. Y. 

100 
90 J 
80 J 


70 | 
60 4 


50 


40 J 


TRANSMITTANCE 


CHCl 


which was suitable for routine applica- 
tion to large numbers of samples. 
After applying methods involving 
Prussian blue, pyridine-pyrazolone, 
and pyridine-benzidine, Nusbaum and 
Skupeko (2) reported that the latter 
appeared the most suitable for these 
purposes. Their procedure was essen- 


3 


10ml CHCl, 


15 ml CHCl, 


52 


MICROGRAMS CYANIDE (CN~) 


FIGURE 1.—Calibration of cyanide using modified pyridine-benzidine 
method. 
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phosphoric 


tially as follows: sample 


Was 
and 
converted to the 
the addition of 
bromine water, after which the excess 


acidified with acid, 


the cyanide was 
cyanogen bromide by 
with sodium 
The cyanogen bromide was 
with n-butyl alcohol with 
shaking, and the pyridine-benzidine re- 
agent was added to the sample-buty] 
alcohol, followed by additional shak 


ing. 


bromine was removed 
arsenite. 


extracted 


The color was allowed to develop 
for 15 min, the n-butyl alcohol layer 
(supernatant removed to the 
cuvette, and the 
measured in a 
480 mu. 

The and ex- 
pensive step in the procedure as ap- 


Was 


color density was 


spectrophotometer at 
most time-consuming 


plied to processing samples was the 


need to transfer the n-butanol super- 
natant to a quartz cuvette for the final 
colorimetric analysis. It was believed 
that by which 
heavier than water, the need for trans- 
fer might be eliminated. <A number 


of solvents were tried, and it appeared 


using a_ solvent Was 


that chloroform was the most suitable. 
150) mm 
calibrated to 
with the 
standard 
curve of reference was prepared with 


Accordingly, standard 18 


lipless test tubes 
light 


aid of colored 


were 
constant transmission 


solutions. A 


amounts of cyanide ion ranging from 
0 to 


1.04 ve. The reaction was car 


The 
special 
Technology,’ 
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one-week 
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Taft 


training course 
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Engineering 
‘Modern 
14-18, 1960, in Cincinnati. 
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WPCE 


October 


ried out as deseribed, and before read 
ing the tubes in a spectrophotometer 
at 480 my, the 
lightly to 
aqueous 


tubes were tapped 
permit. the escape of the 
from the 
The tubes were 
then wiped and read directly in the 
colorimeter. 

It was of further 
mine whether the 


phase subnatant 


chloroform extract. 


to deter- 
eould be 
by the 
use of different volumes of chloroform. 


interest 
method 
made more or less ‘‘micro’’ 
The family of curves which resulted 
10, and 15 ml of 
The 


heavier-than-water extraction 


from the use of 5, 
solvent are presented in Figure 1. 
use of a 
solvent, plus the ability to vary the 
volume of solvent as needed, and the 


avoidance of cuvettes did 


much to expedite the program. 


expensive 
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Stream Pollution 


ASSIMILATION OF ABS BY AN ACTIVATED SLUDGE 


TREATMENT PLANT-WATERWAY SYSTEM 


By Hurwitz, R. E. T. 


Director of Laboratories, Assistant Sanitary Chemist, and Junior Sanitary Chemists of 


LOTHIAN, AND M, SNIEGOWSKI 


The Metropolitan Sanitary District of Greater Chicago, Chicago, Ill. 


There has been a considerable amount 
of study to the effect of 
synthetic the various 
phases of treatment 
the receiving stream. 


determine 
detergents on 
and on 
In this country, 
Sawyer and his associates at the Mas- 
sachusetts Institute of Technology have 
the chief sum- 
mary of their work was published in 
1958 (1). Most of this work and the 
work of other investigators have been 
confined to laboratory experiments de- 
signed to simulate treatment plant and 
stream except in the 
case of ‘‘frothing’’ studies, little has 
been reported on actual plant or stream 
experience. 

The Metropolitan Sanitary District 
of Greater unique 
position to obtain data on the assimila- 
tion of ABS in a full-scale treatment 
works—waterway system. The District 
collects the sewage of some 4,800,000 
people plus an industrial load having a 
population equivalent of approximately 
3,500,000, treats it by the activated 
sludge process in its three major sew- 


sewage 


been investigators. <A 


conditions, and 


Chicago is in a 


age treatment works, and discharges 
the effluents 


waterways at a common point in the 


through its system of 


system. It also maintains a continuous 
survey of the Illinois Waterway (2) 
with sampling stations appropriately 
along its and it has 


located course, 


access to reliable flow data both from 


its own measurements and from meas- 


S. Geo- 


urements supervised by the U. 
logical Survey. 


Sampling 


Figure 1 shows the location of the 
three major treatment works and ten 
waterway sampling stations. Effluents 
from the treatment works are conveyed 
through the system of streams and 
canals to a point one mile downstream 
from Lockport where it is discharged 
into the Des Plaines and Illinois River 
system (2). 

Samples from Lockport, Joliet, Mar- 
seilles, Peoria, and Pekin were compos- 
ites of 24 hourly aliquots. The others 
were composites of samples taken 
hourly over 8- or 16-hr periods. 


Flow Measurements 


Flow data were available from the 
records of The Metropolitan Sanitary 
District of Greater Chicago and from 
the U The vol- 
ume of raw sewage, primary effluent, 
and final effluent discharged from the 
Southwest Treatment Works is a firm 
figure taken from the Sanitary Dis- 
trict records. The Summit flows are 
the sum of the flow from the South- 
west Treatment Works plus the aver- 
age flow from the North Side Works 
plus the diversion of lake 
water through the Wilmette Pumping 
Station and through the locks at the 
mouth of the Chicago River. Lockport 


.S. Geological Survey. 


average 


ne 
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FIGURE 1.—Location of three major treatment plants and ten 
sampling stations. 


flows are firm figures from the records 
of The Metropolitan Sanitary District 


of Greater Chicago averaged for the 
days on which samples were taken 
The Joliet flows are the sum of. the 
flow at Lockport plus the flow from 
the Des Plaines River. Smiths Bride 
flows are identical with Joliet since 
there are no tributaries of any conse 


quence dischargine to the sYstem he 
Morris flows in 
clude the flow past Joliet plus the flows 
from the Kankakee and DuPage Rivers 


The flow at 


tween these stations 


Marseilles is a firm value 
taken from the records of the U. S. 
Geological Survey The flow past 
Peoria is the flow measured at Kines 


ton Mines by the U. S. Geological Sur 
vey minus the flow from the Mackinaw 
River. Since the flow measured at 
Kingston Mines also includes the flows 
from the Fox and Vermillion Rivers, it 


is assumed that the 
will be 
same as that pa 


The 


flow past Henry 
approximately the 


st Peoria. 


and Lacon 


times of flow between 


stations 
approximations based 
on the average flow past the station for 
the period of the test. 

The weights of ABS at 


reasonable 


the various 
stations are based on the average of the 
the 


avatlable 


flows on davs for which samples 
| 


were 


Analytical Procedure 


ABS was determined by the method 
of Degens, Van Der Zee, and Kommer 
3) modified to obtain more complete 
extract of the ABS from the solid frae 
tion of the waste as suggested by Foote 

+). The method complexes the anionic 
synthetic 
blue. The 


detergent with methylene 


complex is extracted with 


1960 
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chloroform and the optical density of 
the chloroform solution is determined 
with a spectrophotometer at 600 mp in 
a l-em cell. 

Two sets of samples were submitted 
to the Robert A. Taft Laboratories of 
the U. S. Public Health Service for a 
check on the reliability of the method. 
The samples were put through the 
cleanup procedure used for infra-red 


determinations and the ABS deter- 
mined by methylene blue. 
The results obtained by the Taft 


Laboratory and The Metropolitan San- 
itary District of Greater Chicago Lab- 
in Table Il. The 
Taft Laboratory was satisfied that the 
results are 


oratory are shown 
‘quite consistent and eer- 
tainly indicate that the interferences 
The reference 
standard used by the Sanitary District 
was assayed by the supplier to contain 
51 per cent ABS; a sample analyzed at 
the Taft Laboratory indicated an ABS 
content of 48 per cent. The use of this 
lower value would tend to narrow the 
discrepancy between the Taft Labora- 
tory and the Sanitary Distriet labora- 


are not too numerous.’’ 


tory on the samples before cleanup. 
Nevertheless, the differences are well 
within the limits of of the 
method, and the data reported are a 
reliable of 


error 


indication the amounts of 


ABS at the various stations. 


TABLE I. 


Sampling Station 


Taft 


Before 
Cleanup 


Cleanup 


Raw sewage 3.15 4.3 
Settled sewage 1.36 2.3 
Final effluent O.83 1.3 
Lockport 0.90 0.97 
Smiths Bridge 0.50 O.87 
Marseilles 0.80 0.76 
Peoria 0.44 0.39 
Pekin 0.45 0.35 
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Assimilation of ABS by the South- 
west Treatment Works 


MeGauhey and Klein (5) studied the 
ability of sewage treatment processes 
to remove or destroy detergents. They 
report that the normal reduction re- 
sulting from 2 hours’ settling time was 
from 2 to 4 per cent. Sedimentation, 
therefore, is not an effective process for 
removing ABS. They also report that 
in prolonged aeration in an activated 
sludge unit during which the BOD re- 
moval was between 88 and 97 per cent, 
ABS removals varied from 19 to 77 per 
cent. Greater ABS reductions were 
achieved with higher mixed-liquor sol- 
ids. At 5,000 to 6,000 mg/l mixed- 
liquor solids, ABS removal was 60 to 
70 per cent in a two-stage unit. A 
single-stage unit under 4 to 6 hr aera- 
tion consistently removed 50 to 60 per 
cent of the ABS. 

Table II shows the averages of the re- 
sults obtained at the Southwest Treat- 
ment Works. The detention period of 
the primary settling tanks at this plant 
is approximately 30 min. During this 
short period, only the large and denser 
particles are removed. Since any re- 
moval in the primary tanks would be 
by adsorption on the surface of the 
particles, it is reasonable to assume 
that little or no ABS would be removed 
by the large discrete particles settled 


Laboratory and Metropolitan Sanitary District 


ABS (mg, 1) 


Analyses Reported 825,59 


Taft 


Before 
Cleanup 


Before 


} Cleanup Cleanup 


3.46 2.75 3.50 3.72 
2.80 2.37 2.97 5.40 
1.64 0.59 1.12 1.32 
1.12 0.58 0.82 0.88 
1.10 0.76 0.48 0.94 
0.70 - 
0.52 0.56 0.35 0.30 
0.54 0.55 0.66 0.30 


| 
; 
| 
| 
= 
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TABLE II. Assimilation of ABS at the 
West-Southwest Sewage 
Treatment Works 


ABS 
Flow 
cls Reduc 
day tion 
Raw sewage 3.41 12.71 x10'| 0.0 
Preliminary 
effluent 168 3.49 | 2.76 xK10+ 0.0 
Final effluent 168 1.60 1.265 54 
in the tank The data indicate that 
none was removed. However, these 


data should be interpreted with respect 
to the 
method. 


limitations of the analytical 

The data also indicate a 54-per cent 
removal of ABS by the aeration system 
and confirm the observation of Me- 
Gauhey and Klein that 50 per 
cent of the ABS in raw sewage may be 
removed by an ordinary sewage treat- 
ment plant having activated sludge as 
the secondary treatment process.”’ 


“some 


Assimilation of ABS in the 
Illinois Waterway 


It has been that future 
water shortages*in many parts of the 
country that 
surface water will be reused as many 
as SIX and that the 
from the 


predicted 


will be sO severe some 
times 


of wastes 


discharge 
manufacture of 
exotie chemicals and the increasing use 
of synthetic detergents will seriously 
affect 
(6). It is only within the last year or 
so. that from the Illinois 
Waterway has been used for domestic 
supply. 


the use of these surface waters 


any water 
Now Peoria draws part of its 
supply from the river. Until that time 
its use confined to pur- 
But even in 
this area of water use, the effect of de 
tergents was evident, particularly in 
boiler water makeup, where the de 
tergent buildup in the boiler of an in 


Was cooling 


poses, boiler makeup, ete 


dustry located on the waterway was 


roughly proportional to the makeup 
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water and caused serious foaming prob 
lems. 

It has been shown by the investiga- 
tions of Sawyer and his associates (1), 
McGauhey and Klein (5), and by the 
work reported above that effluents from 
plants using trickling filters or ae- 
tivated sludge as secondary treatment 
will carry significant amounts of de- 
tergents to the receiving stream. 

It is of interest to note the assimila- 
tion of ABS in a like the Il- 
linois River which as yet has not been 


affected by reuse, 


stream 


The waterway, how- 
ever, has characteristics which are not 
common to all streams. One of these 
is a series of pools alone its course 
which were formed by the construction 
of dams and locks built 
deep waterway. 


to make it a 
These pools certainly 
significant factor in the 
ABS and other organic 
pollutants by enhancing the self-puri- 
fication 


must be a 
removal of 
potential of the stream bio- 
logically, by extending the 
ment, and physically, by providing ex- 
the 
can 


time ele- 


wherein 
matter 


tensive settline basins 


more minute particulate 
be removed 

It has already been noted that  bio- 
logical degradation of 


at a slow rate. 


ABS proceeds 
Renn and Barada (7 
have shown that although adsorption 
on fine natural 


silts and settling has 
only limited value in removing ABS, 
there is a decrease of 8 to 15 per eent 
by this device. Generally, conditions 
in the Illinois Waterway are 

favorable for assimilation of ABS. 


very 


Table II] describes the process of as- 
the Illinois Waterway. 
Approximately 12,600 lb day of ABS 
are discharged with the effluent from 
the West—Southwest Treatment Works. 
This amount is 


similation in 


increased at Summit, 
which includes the flow from the North 
Side Works, to 17,000 Ib. At Lockport, 
there further which in- 
cludes the discharge through the Sag 
Channel of the highly industrialized 
Calumet The weight of ABS 
continued to inerease because of addi- 


IS a Increase 


area, 


| 
| 
3 
| 
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tions from the tributaries (Des Plaines, 
Kankakee, and DuPage Rivers) 
reached its peak at Morris. 


and 
Up to this 
station, gains because of additions out- 
paced the slow removals by biological 
degradation, physical adsorption, and 
settling. From Morris to Peoria, about 
100 miles, there are no significant eon- 
tributions of ABS. there- 
fore, a slow, steady assimilation of ABS 
by the stream. In this reach of the 
waterway, 7,800 lb/day are removed, 


approximately 27 


There is, 


per cent. 

Peoria and Pekin are cities with a 
combined population of 137,000. If 
the pattern of ABS assimilation were 
consistent with that found in the upper 
reaches of the waterway, an increase of 
ABS in the stream at Pekin would be 
indicated. 
noted. 


However, a decrease is 
This suggests possible removal 
by forces other than biological or physi- 
cal. Chemical reaction between the 
detergent and a waste peculiar to that 
area may have effected some removal. 


Summary and Conclusions 


These studies confirm the laboratory 
and pilot-plant tests of others that de- 


tergents of the alkyl aryl sulfonate 


type are partially degraded by the ac- 
Approximately 
o0 per cent of the ABS was removed 
The other half 


tivated sludge process. 


in the treatment works. 
TABLE III. 


Distance 


Distance 


from from 
Station Southwest Preceding | 

Works Station 

miles) miles) | 


Final effluent (Southwest 


Works 0 0 
Summit 2.8 2.8 
Lockport 25.3 22.5 
Joliet 30.0 1.7 
Smiths Bridge 38.1 &.1 
Morris 52.6 14.5 
Marseilles 69.0 16.4 
Henry 120.0 51.0 
Lacon 127.0 7.0 
Peoria 153.5 26.5 
Pekin 166.0 12.5 
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was discharged with the plant effluent 
to the waterway. In the upper 53 
miles of the waterway, the quantity of 
ABS in the stream increased because 
of additions from communities situated 
on the waterway and its major tribu- 
taries. The slow processes of biological 
degradation and physical adsorption 
and settling were not able to keep up 
with the new additions. For the next 
hundred further additions of 
ABS were insignificant and assimila- 
tion by the stream was gradual and 
continuous. The assimilation ¢on- 
tinued past Peoria and Pekin, a dis- 
tance of 39 miles, despite the additions 
of ABS by these communities. This 
continued assimilation suggests the in- 
fluence of a third force, possibly chemi- 
eal, in removing ABS from the stream. 

But from the peak load at Morris 
through the last station at Pekin, a 
distance of 114 miles or approximately 
8 days’ travel time, only 37 per cent 
of the ABS was removed. 

The of ABS and other 
wastes from processing new and exotic 


miles, 


resistance 


chemicals forecasts grave danger to 
surface-water supplies. It adds em- 


phasis to the warning by Hollis and 
McCallum (6) that new parameters 
for measuring pollution must be estab- 
lished and bold and heroic measures to 
discover new and better ways to handle 


Assimilation of ABS in the Illinois Waterway 


38 
Approx. Ar 
Time Ave 
between Flow 
Stations (efs) Gain or 
(days) (mg/l) Ib + 104) Loss 
Ib + 10*) 


1,467 1.595 1.26 
0.6 2,500 .260 1.71 +0.45 
2.2 3.895 1.110 2.33 +0.62 
4,303 1.090 2.53 +-0.20 
0.9 1.303 1.065 2.47 — 0.06 
5,927 O.899 2.88 +0.41 
1.3 6,262 0.802 2.71 —O.17 
3.5 6,945 0.588 2.21 —0.50 
0.5 6.945 0.559 2.10 O.11 
LS 6,945 O.518 1.94 0.16 
6,945 0.486 1.82 0.12 
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GREAT LAKES BASIN—ILLINOIS WATERWAY STUDY 


The Public Health Service has started a six-year anti-pollution study 
of the United States jurisdiction of the Great Lakes Basin—TIllinois 
waterway. The study is designed to aid development of a comprehen- 
sive plan to control and prevent pollution in the area. 

Under a recent Congressional $500,000 appropriation which will 
cover the first vear of the project work is being started for intensive 
studies of the kinds and amounts of municipal and industrial wastes 
being discharged into the waterways within the metropolitan area of 
Chieago, and the pollutional effeets of these wastes in the waterways in 
Chicago 

A 40-man staff of engineers, chemists, biologists, and other scientists 
and technicians is being assembled. Project headquarters will be in 
Chicago. William Q. Kehr is Project Director. 

A Special Master of the Supreme Court is now conducting hearings 
in cases which concern the use of Lake Michigan water and to which the 
States of Wisconsin, Michigan, Illinois, Minnesota, New York, Penn- 
sylvania, and Ohio and the United States are parties. The data gathered 
in the first phases will assist the Court in making its decisions. 
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A CONSTANT FLOW APPARATUS FOR TOXICITY 
EXPERIMENTS ON FISH * 


By FLORIAN GRENIER 


Office of Biology, Fish and Game Department, Province of Quebec, Montreal, Quebec 


The present trend in toxicity studies 
is toward investigating long-term ef- 
fects of toxic substances on fish on 
exposure to sublethal concentrations. 
This has particular importance in pol- 
lution control when quality criteria of 
water must be defined for which fish 
will continue to prosper in good condi- 
tion rather than merely survive. 

In recent years, chlorinated hydro- 
carbons have been used as fish toxicants 
in lake management. It has been found 
that, owing to the high stability of 
these compounds, treated waters will 
detoxify only very slowly and may re- 
It is there- 
fore important to ascertain, before re- 


main toxie for many years. 


stocking, the minimum residual toxicity 
that can be tolerated by fish. 

Answers to such questions can be 
obtained in the laboratory only by ex- 
Kor ob- 
vious reasons, control of environmental 


periments of long duration. 


conditions in the aquarium can be ob- 
tained more easily with a constant flow 
of toxic solution. Renewal of the solu- 
tion at a sufficient rate will correct for 
any alteration caused by the metabolic 
activity of the fish. 

Whenever a high rate of replacement 
is not needed, renewal of 
the toxie solution from a large batch is 


continuous 
satisfactory. In some cases, it is more 
practical to use some kind of propor- 
tionine device in whieh a concentrated 
toxic solution is mixed in constant pro- 
portion with dilution water. Types of 
constant flow apparatus have been de- 


* Presented at the 26th Annual Meeting, As 
sociation Canadienne-Francaise pour 1’ Avance- 
ment des Sciences, Ottawa, Ont., Nov. i, 1958. 


scribed by Herbert and Merkens (1) 
and Brebion (2). 


Description of Apparatus 


The apparatus used in this labora- 
tory is shown diagrammatically in Fig- 
ure 1. It consists essentially of a siphon 
bottle A which fills up and empties pe- 
riodically, and a Mariotte bottle B 
which delivers a constant volume of 
the toxic solution at each eycle. 

Siphon bottle A is fed with the dilu- 
tion water from a constant head reser- 
voir R by means of a glass tube C, the 
diameter of which is chosen to obtain 
the desired rate of flow. Funnel D is 
an ordinary powder funnel; the inside 
diameter of the stem must be large 
enough to allow free escape of air. The 
end of the stem does not extend beyond 
the rubber stopper, so that the water 
will run along the wall of the bottle, 
thus keeping the air content close to 
saturation. This is desirable especially 
when cold air-saturated dilution water 
must be heated many degrees, since 
superaerated water may be detrimental 
to fish. The small cup £ inserted over 
the siphon tube S at the bottom of 
bottle A insures a sharp break of the 
siphon at the end of each cycle. The 
cup is preferably made from a piece of 
large bore glass tubing fitted with a 
rubber stopper which will absorb the 
shocks in the vertical movement of the 
cup, thus 
breakage. 

At each cycle, a fixed volume of the 
concentrated solution or suspension is 
sucked into the siphon bottle. The 
stock solution in a 4.5-] 


eliminating any risk of 


is contained 
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a 


Feeding trough 


Waste 


K~ 


Experimental aquarium 


aspirator bottle operating as a Mariotte 


bottle. The principle of the Mariotte 
bottle is the key to the operation of the 
system. The toxicant flows into res 
ervoir F through the tube J but cannot 
rise beyond the level A because the 


bottle B being tightly 
enters only through the tube G 
Mariotte bottle, 
sure at the level @ is equal to the com 


stoppered, air 
In the 
the atmospheric pres 


bined pressure of 
the bottle 
no higher than this level in 


air and liquid inside 
Thus, the toxicant will rise 


the reser 


voir F. In fact, owing to the action of 
surface tension in the tubes emerging 
from the bottle. the liquid does not 
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FIGURE 1.—Diagram of constant flow apparatus for toxicity 
experiments on fish. 
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Concentrated stock 


solution of toxicant 


4.5 liters 


Inside diameters of tubes 


D 12 mm 
E 25mm 
F 14mm 
G | mm 
H 14 mm 


w 


mm 
mm 


Tl mm 


remaills 


quite reach the level G but 
at K. 


Operation 


In operation, siphon bottle A fills up 
with the dilution When the 
water reaches the level of tube 
the entrapped air is bubbled out 
through the 
As the siphon is primed and bottle A 


water. 
lower 
solution in reservoir F. 
empties, the content of reservoir F' is 
drawn into bottle A. The diameter of 
tube 


the column of 


must be large enough so that 


water will break when 


the level reaches the lower end of the 
tube. While bottle A empties and fills 
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again, the level of the stock solution in 
reservoir F is restored to its original 
position and another cycle re- 
peated. 

To calibrate the apparatus, the rate 
of flow of the feeding tube is measured 
with a graduated cylinder and a stop- 
watch. Or, alternatively, the time and 
the volume delivered in a complete 
cycle can be measured. Mariotte bottle 
B is filled with water and the appara- 
tus is allowed to run for about 24 hr. 
The spent water in bottle B is then 
measured by replacement. <A stock 
solution that will give, on dilution, the 
desired concentration in the experi- 
mental aquarium can then be prepared 
accordingly. 

While the experiment is in progress, 
the stock solution is renewed as needed. 
This is done after closing F with a 
rubber stopper and / with a_ pinch 
clamp. Dimensions of the apparatus 
can be so arranged that a filled bottle 
B will last for about 48 hr. In the 
case of an insoluble toxicant which is 
in suspension, the danger of change in 
concentration due to deposition can be 
mitigated by using smaller amounts of 
the suspension and replenishing more 
frequently. From time to time, proper 
operation can be checked rapidly by 
measuring the time of a cycle and the 
volume of the 
24 hr. 

Before starting a new experiment or 
after about a month of operation the 
apparatus must 
need recalibration. 
the feeding tube C 
with a 


stock solution used in 


be cleaned and may 
Every week or so, 
is cleaned in place 
thin brush such as a_ pipe 
cleaner. 

Since the flow 


is dependent on the time of a eyele, a 


of the toxic solution 
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variation in the flow of the dilution 
water will cause only a slight alteration 
of the final Even an 
accidental stoppage of water will not 
necessarily spoil the experiment as the 
flow of the stock solution will stop as 
well. 

Two batteries of 6 of these appara- 
tuses have been in use satisfactorily 
in this laboratory 


concentration. 


for over a year. 
Aquaria used are plexiglass or ordi- 
nary plate glass 100-1 aquaria. Two 
troughs R, delivering dilution 
water to 6 aquaria are fed by gravity 
from a 400-gal stainless steel refrig- 
erated tank. <A float valve controls the 
level of tap water in the tank. Cooling 
is provided by a 5-hp refrigerating 
unit. Warming is accomplished by ad- 
mitting hot water into the tank. An 
open-and-shut motor valve connected to 
the hot water line thermostatically reg- 
ulates the inlet of hot water. In either 
warming or cooling, temperature can 
be controlled to within 0.2°C. The 
main disadvantage of this arrangement 
isthat experiments at different temper- 
atures cannot be run simultaneously. 
On the other hand, it is particularly 
well adapted for such purposes as 
determining threshold toxicity values, 
comparing relative toxicity of poisons, 
and simulating in artificial streams the 
actual dilution of pollutants in rivers. 


each 
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THE OPERATOR’S CORNER 


3. SEWAGE PUMPING AND PUMPING STATIONS* 


Pumps serve many purposes in sew- 
age collection systems and treatment 
plants. They may be classified by the 
character of the material handled: raw 
sewage, grit, trickling filter effluent, 
activated sludge, raw sludge, digested 
sludge, ete. Or they may relate to the 
conditions of pumping: high lift, low 
lift, recirculation, high capacity, ete. 
They may be further classified by prin- 
ciple of operation such as centrifu- 
gal, pneumatie ejection, diaphragm, or 
plunger. 

The type of material to be handled 
and the function or required perform 
ance of the pump vary so widely that 
the designing engineer must use great 
care in preparing specifications for the 
pump and its controls. Similarly, the 
operator must conduct a maintenance 
and management program adapted to 
the peculiar characteristics of the 
equipment. 


3.1 DESCRIPTION 


3.11 Centrifugal Pumps 

A centrifugal pump (Figure 3-1) is 
fundamentally a very simple device, 
consisting of only one moving part, an 
impeller rotating in a casing. The im- 
peller is supported on a shaft which is 
in turn supported by bearings. 

When the pump speed is constant, 
the discharge will vary as the diameter 
of the impeller; the head which the 
pump will develop will vary as the 
square of the diameter; and the horse 


Designers and operators now place 
great importance on dependability of 
service, safety aspects, and automatic 
controls for all types of pumping 
stations. Most stations today have 
standby pumps to maintain continuous 
service when even the largest pump is 
out of service temporarily. Explosion- 
proof equipment, separation of wet 
wells containing sewage from areas con- 
taining possible sources of ignition, and 
ventilation facilities, manually and au- 
tomatically controlled, are commonly 
installed. In most large stations and 
even in some small ones, flow-recording 
equipment is furnished to make an ae- 
curate record of instantaneous pump- 
ing rates and the total flow pumped. 

Completely prefabricated pumping 
stations are gaining popularity, par- 


ticularly as auxiliary lift stations. 


OF EQUIPMENT 


power requirements or size of motor or 
engine will vary as the cube of the 
diameter. 

The discharge of a given pump also 
may be inereased by increasing the im- 
peller speed. For example, if a 4-in. 
centrifugal pump discharges 150 gpm 
at 35-ft head with a 3-hp motor run- 
ning at 1,350 rpm, it will discharge 
about 195 gpm at the same 35-ft head 
when the speed is 1,750 rpm. 

The discharge, power, and head char- 
acteristics of any pump ean be de- 
termined from the performance curve 


* Chapter 3 of MOP 11, Operation of Seu ‘ 
age Treatment Plants. Chapters 1 and 2 ap- Of the pump. This information is al- 
peared in the September issu: ways available from the manufacturer. 
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FIGURE 3-1.—Electrically driven centrifugal pumps. 


The horsepower requirements of a 
centrifugal pump may be caleulated as 
follows: 


DxdH 
Theoretical hp 3 


where 


D = discharge in gpm, and 
II total head in feet ineluding frie- 
tion. 


The actual hp requirement equals 
the theoretical hp multiplied by the ef- 
ficiency of the pump and driving unit. 

The total head (or total dynamie 
head, TDH) is found by adding the 
friction loss in the pipe lines, valves, 
expressed in feet of water) to the 
vertical the water 
level in the wet well on the suction side 
of the pump and the highest point of 
discharge. For example: the water 
elevation in the wet well is 20 ft below 
the point of free discharge at the set- 
tling tank and the friction loss is found 
to be 3 ft. The total dynamic head is 
then 23 ft. 


ete. 


distanee between 


Centrifugal pumps designed for 
pumping sewage usually have smooth 
channels and impellers with large-sized 
openings to prevent clogging. 

Impellers may be of the open or 
closed type, but most pumps are pro- 
vided with the two-blade enclosed type. 
Single-blade types, however, are used 
When open-type im- 
pellers are used, the blades are cham- 
fered to minimize the surface area ad- 
jacent to the easing. 


successfully. 


3.12 Pneumatic Ejectors 


Ejectors have been used for many 
years in small installations to pump 
unscreened sewage and sludge. They 
are operated by compressed air, nor- 
mally furnished by an_ electrically 
driven compressor located near the 
The ejector usually consists of 
a cast iron chamber with inlet and dis- 
charge pipes and either a float- or elec- 
trode-operated control system. After 
the chamber fills, compressed air enters 


ejector. 


and forces the sewage through the dis- 
charge piping. 


: 
3 
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3.2 NORMAL OPERATION 


3.21 Control of Pump Rates 


Kor the most effective operation of 
the wet well, pumping equipment, and 
treatment units, the pumps should be 
sized and operated so that their rate 
of discharge is nearly equal to the rate 
of inflow to the wet well. Careful 
selection of pumps, their cutin and 
cutout water elevations, and their op- 
erating sequence are among the adjust- 
ments which can be made to minimize 
Wear on equipment and controls and 
improve treatment efficiencies, 

By analysis of rate-of-flow charts 
and by visual observations of the pump- 
ing operations, the operator can de- 
termine which adjustments should be 
made. No single adjustment in the 
plant has as much effect on total plant 
performance as the rate of sewage flow 
through the settline tanks and the 
units which follow it. By careful se- 
lection of the pumps and adjustment 
of their controls, the operator usually 
can keep the pumping rate within 20 
per cent of the rate of inflow to the 
station. 


3.22 Protection of Pumps 


For dependable and efficient per- 
formance, pumps require protection 
from abrasive materials and objects 
which may be damaging or obstruct 
the flow in the moving parts and sue 
tion and discharge lines. Most sewage, 
even from well-constructed separate 
sanitary sewer systems, contains sub- 
stantial quantities of sand and other 
eritty material. Thus, where practica- 
ble, sewage pumps should follow a erit 
removal device. Pumps also should be 
preceded by facilities and devices for 
removal of such materials as rags, 
leaves, grass, wood, tramp metal, and 
other debris which may clog or damage 
pumps, lines, or valves 


3.221 Size and Shape of Wet Well: 
If the raw sewave wet well is too 
large, solids will be detained unduly 


and decomposition will begin. This 
condition may create objectionable 
odors and interfere with later treat- 
ment processes. The detention time in 
the wet well may be reduced by adjust- 
ing the pump controls so that the draw- 
down water depth between the cutin 
and cutout points is lessened. If this 
does not reduce the detention time suf- 
ficiently, the cross-sectional area of the 
wet well can be reduced by construct- 
ing a partition wall of suitable material. 

Sometimes the slope on the floor of 
the wet well is so flat that solids. in- 
cluding grit, cannot be removed by 
pumping. Frequent hosing will help 
keep this condition under control, but 
often the only effective remedy is re- 
construction of the floor to provide 
sufficiently steep slopes toward the 
pump intakes. 


3.222 Grease Control: —Grease should 
not be allowed to collect on the walls 
of the wet well. If it does, aceumula- 
tions eventually will break loose in 
large pieces and disrupt operations by 
clogging the pump-suetion line or the 
pump itself, or prevent the pump-con- 
trol float’ from operating properly 
within the float-guide chamber or eage. 

To control grease accumulations. 
walls of the wet well should be washed 
with a hose as often as necessary. 
Complete dewatering of the wet well is 
one way to remove most of the grease 
from the water surface. 


3.223 Grit Control:—When new 
sanitary sewer system is built and no 
grit chamber is provided, large quan- 
tities of sand may be deposited in the 
wet well. The sand should not be 
pumped out with a sewage pump; 
rather it should be removed with 
buckets or other suitable method as 
often as inspection indieates the need. 
If the sand is pumped, maintenance 
problems may be expected. Under 
these conditions, there is a good chance 
that the sand will get into the stuffing- 
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box packing if effective water seals are 
net used and promptly damage the 
packing and pump-shaft sleeve. On 
submerged pumps, the lower sleeve 
bearing may wear out in a few weeks 
under these conditions. 


3.224 Ventilation:—Each year explo- 
sions take place in sewage wet wells. 
Sut in spite of severe property damage 
and loss of life many operators are still 
unimpressed about the need for ex- 
treme caution. Neither good ventila- 
tion, explosion-proof fixtures, nor com- 
plete separation from areas housing 
motors, ete., can protect against explo- 
sion, asphyxiation, or toxie effects if 
the operator is not careful. 

The principles outlined in a later 
chapter on safety should be thought- 
fully studied and considered. 


3.23 Pneumatic Ejectors 

The simplicity of an ejector installa- 
tion makes operation and maintenance 
relatively easy and simple compared 
with a station containing a sewage wet 
well and centrifugal pumps. The prin- 
cipal units requiring regular inspec- 
tion and occasional maintenance are 
the air compressor, flow-control de- 
vices such as floats and electrodes, and 
the check valves on the inlet and out- 
let lines. 

Safety requirements are reduced to 
ordinary precautions common to areas 
containing electrical equipment by rea- 
son of the complete enclosure of the 
sewage during the entire pumping op- 
eration. 


3.24 Centrifugal Pumps 
3.241 Water Seals:—Water seals for 


packing glands should be provided on 
all sewage pumps. They serve to cool 
and lubricate the packing, and, for suc- 
tion lifts, the seal prevents the entrance 
of air. Seals should be operated at 
approximately 2 to 5 psi (4.6 to 11.5 ft 
of head) greater than the pump dis- 
charge pressure. If the available water 
pressure is too high, a reducing valve 
may be used; if the pressure is insuf- 
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ficient, a water-seal pump may be re- 
quired to boost it. To avoid a cross- 
connection, seal water should never be 
taken directly from a drinking water 
supply. 

Packing-gland boxes should be 
watched for leakage of sealing water. 
A leak from the packing box while the 
pump is running is necessary to keep 
the packing cool and in good condi- 
tion. But if there is too much leakage 
or no leakage, the gland should be 
tightened or loosened as required. Do 
not draw glands too tight, however. 
After adjusting packing glands, the 
shaft should be turned by hand to be 
sure it rotates freely. If excessive leak- 
age continues, the packing probably is 
either burnt, worn, or dried out or the 
shaft has been scored. All packing 
should be renewed on a regular sched- 
ule to prevent scoring of the shaft or 
shaft sleeve. 

When mechanical seals are replaced, 
the manufacturer's recommendations 
should be followed carefully. 


3.242 V-Belt Drives:—When V-belt 
drives are used, sheaves must be in 
perfect alignment, for a slight varia- 
tion will materially shorten the life and 
service of the belt, and at the same 
time increase the power consumption. 
Adjustments should be such that the 
belt is just tight enough to carry the 
load without slipping. In the case of 
some variable-speed drives, however, 
the proper belt tension is automatically 
maintained. 


3.243 Lubrication: — lumps, 
motors, and drives should be oiled and 
vreased in strict accordance with the 
recommendations of the manufacturer. 
Cheap lubricants may often be the most 
expensive in the end. Oil should not be 
put in the housing while the pump 
shaft is rotating because the rotary 
action of the ball bearings will pick up 
and retain a considerable amount of 
oil which will drain down when the 
unit comes to rest, resulting in an over- 
flow of oil around the shaft or out of 
the oil cup. 


i 
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3.244 Starting a Pump: 


starting, a pump should be lubricated 


Before 


according to the lubrication instruc 
tions. The shaft should be turned by 
hand to see that it rotates freely, after 
which a check should be made to see 
that the shafts of the pump and motor 
are aligned and the flexible coupling 
adjusted. If the unit is belt driven, 
sheave alignment and belt adjustment 
should be checked. The current char- 
acteristics should be checked with the 
motor characteristics and the wiring 
should be inspected. Thermal units in 
the starter should be checked to be sure 
that they are set. 
should be determined by momentary 


Motor rotation 


contact to be certain that the motor 
will turn the pump in the direction in- 
dicated by the rotational arrows on the 
pump. If separate water seal units or 
vacuum primer systems are used, these 
should be started. Finally, it must be 
made certain that all valves in the sue 
tion and discharge lines are open. 
Sometimes there is an exception (be- 
low) in the case of the discharge valve. 

A pump should not be run without 
first having been primed. To prime a 
pump, the pump must be completely 
filled with water or sewage. In some 
cases, automatic primers are provided. 
If they are not, it is necessary to vent 
the casing and most pumps are pro- 
vided with a valve to accomplish this. 
The trapped air should be allowed to 
escape until water or sewage flows 
from the vent, after which the vent 
cap, should be replaced. In the ease 
of suction-lift applications, the pump 
must be filled with water unless a self- 
primer is provided. In nearly every 
case, it is permissible to start a pump 
with the discharge valve open. Excep- 
tions to this, however, are where water 
hammer or velocity disturbances might 
result, or where the motor does not 
have a sufficient margin of safety or 
power. Sometimes there are no check 
valves used in the discharge line. In 
this case, it is necessary, of course, to 


start the pump and open the discharge 
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Where there are 


common discharge headers, it Is) es 


lines afterwards 


sential to start the pump and open the 
discharge valve later. 

After starting the pump, again check 
to see that the direction of rotation is 
correct. Packing-gland boxes should 
be observed for slight leakage as de- 
Check to see that the 
bearings do not overheat from over- or 
under-lubrication. The 


scribed earlier. 


flexible-cou- 
pling should not be noisy; if it is, it 
may be caused by misalignment or im- 
proper clearance or adjustment.  In- 
spect piping for leaks. 


3.245 Pump Shutdown:—When shut- 
ting down a pump for a protracted pe- 
riod, the motor-disconnect switch should 
be opened, and all valves on suction, 
discharge, and water-seal lines should 
be shut tightly and the pump com- 
pletely drained by removing the vent 
Sludge should not 
be permitted to remain in pipes or 


and drain plugs. 


piping for any length of time; cases 
are on record where the gas produced 
has ruptured pipes and sludge pumps. 
It is also a good policy to inspect the 
pump and bearings thoroughly so that 
all necessary sevicing may be done dur- 
ing the inactive period. The bearing 
housing should be drained and _ sub- 
sequenily replenished with fresh oil. 


3.246 Packing:—To renew the pack- 
ing, remove the packing nuts, clamps, 
and glands in accordance with the 
manufacturer’s instructions. This Is 
often facilitated by the use of split 
Pick out the old packing and 
the water-seal lantern ring from the 
Thoroughly clean the 
After this is done, eut 


vlands. 


packing box. 
box and shaft. 
the rings of packing so that the ends 
just meet around the shaft. Use the 
type of packing previously used. Each 
ring should be dipped in heavy oil be- 
fore inserting it in the packing box. 
The new packing should, of course, be 
kept clean 
be installed at a time, slipping and 
tapping it into place. 


One ring of packing should 


Be sure to place 


— 


: 
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the correct number of packing rings 
in front of and in back of the lantern 
ring so that it will line up with the 
water-seal inlet. This may be deter- 
mined by noting the arrangement at 
time of removal or by depth measure- 
ment. Be sure ring joints are staggered 
to ensure a perfect seal. The rein- 
stalled glands are then taken up lightly 
on the adjustment nut to form packing 
in the packing box. The gland fol- 
lowers should enter the packing box at 
least 1g in. to prevent blocking of the 
glands; but they must not jam or 
touch the shaft. The packing glands 
then should be adjusted as described 
previously so that they do not score 
the shaft. In the case of a water-seal 
unit, they should be adjusted so that 
there is a slight leakage. 


3.247 Float and Electrode Switches: 
To ensure the best operation of the 
pump, a systematic inspection of the 
water level controls should be made at 
least once a week. Check to see that: 


1. The controls respond to a rising 
water level in the wet well, 

2. The unit starts when the float 
switch or electrode system makes con- 
tact and that the pump empties the wet 
well, 

3. The motor speed comes up quickly 
and is maintained, and 

4. A brush-type motor does not 
spark profusely in starting or running. 


3.248 Pump-Driving Equipment:— 
Driving equipment used to operate 
pumps include electric motors and in- 
ternal combustion engines. In rare in- 
stances, pumps are driven with steam 
turbines and steam engines. 

In all except the large installations, 
electric motors are used almost exclu- 
sively, with synchronous and induction 
types being the most common. Syn- 
chronous motors operate at constant 
speeds and are used chiefly in large 
sizes. The three-phase, squirrel-cage 
induction motors most often are used 
in treatment plants. These motors re- 
quire little attention, and under aver- 
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age operating conditions the factory 
lubrication of the bearing will last ap- 
proximately one year. In lubricating 
motors, it should be remembered that 
too much grease may cause bearing 
trouble or damage the winding. 


3.248 Electrical Controls:——A variety 
of electrical equipment is used to con- 
trol the operation of sewage pumps and 
protect electric motors. The simplest 
type of control unit consists of a 
counterweighted float which actuates 
a switch. When the float is raised by 
the sewage to a predetermined level, a 
switch is tripped which starts the 
pump; and when the sewage level falls 
to the cutoff level, the float switch stops 
the pump. The time required for each 
cycle and the length of time between 
cycles depends on the pumping rate 
and the quantity of sewage flow. 

Where starters, disconnect switches, 
and cutouts are used, they should be 
installed in accordance with the local 
regulations regarding this equipment. 
In the case of larger motors, the power 
company often requires starters which 
do not overload the power lines. 

The electrode-type, bubbler-type, and 
bladder-type water-level control sys- 
tems are all similar in effect to the 
float-switch system. 


3.249 Repair Shop:—Many large 
plants have fully equipped machine 
shops staffed with competent me- 
chanics. But for smaller plants, ade- 
quate machine shop facilities often ean 
be found in the community. In addi- 
tion, most pump manufacturers main- 
tain pump repair departments where 
pumps can be fully reconditioned. 

The pump-repair shop in a large 
plant commonly includes such things as 
welding equipment, lathes, a drill press 
and drills, a power hack-saw, flame- 
cutting equipment, micrometers, cali- 
pers, gages, portable electric tools, 
grinders, a forcing press, metal-spray 
equipment, sand-blasting equipment, 
an arbor press, pneumatic tools, chip- 
pers, and coupling pullers. 
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3.25 General Operating Hints 


A pump never should be throttled by 
closing the valve on the suction line. 
It should not be run longer than neces- 
sary with its discharge valves closed, as 
friction water in the 
pump to boil and damage the packing 


may cause the 
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and other internal If the dis- 


charge valve is to be opened after the 


parts. 


pump is in operation, it should be 


opened slowly. Closing the discharge 
valve before stopping the pump is oe- 
casionally advisable to 


prevent pipe 


strains or water hammer. 


3.3 OPERATING TROUBLES 


The following list of operating 
troubles includes most of the causes of 
failure or reduced operating efficiency. 
The remedy or cure is either obvious 
or may be inferred from the descrip- 
tion of the cause. 


3.31 Symptom A—Pump Will 
Not Start 
3.311 Causes: 
1. Blown fuses attributed to: 


(a) Rating of fuses not correct, 
(b) Switch 
shorted, 


contaets corroded or 

(c) Terminal connections loose or 
broken somewhere in the circuit, 

(d) Automatic control mechanism 
not functioning properly, 

(e) Motor shorted or burned out, 

(f) Wiring hookup or service not 
correct, 

(g) Switehes not set for opera- 
tion, 

(h) Contacts of the controls dirty 
and arcing, 

(7) Fuses or thermal units too 
warm, 

(j) Wiring short-circuited, or 

(k) Shaft binding or sticking by 
reason of rubbing impeller, tight pack- 
ing glands, or clogging of pump. 


2. Loose connection, fuse, or thermal 


unit. 

3.32 Symptom B—Reduced Rate 
of Discharge 

3.321 Causes: 


1. Pump not primed, 


2. Mixture of air in the sewage, 


a: Speed of motor too low, 


4. Improper wiring, 

5. Defective motor, 

6. Discharge head too high, 

7. Suction lift higher than antici- 
pated, 

8. Impeller clogged, 

9. Discharge line clogged, 

10. Pump rotating in wrong diree- 
tion, 

11. Air leaks in suction line or pack- 
ing box, 

12. 'nlet to 
permitting air to enter, 

13. Valves 


closed, 


suction line too high, 


partially or entirely 
14. Check valves stuck or clogged, 
15. Incorrect impeller adjustment, 
16. Impeller damaged, 
17. Packing worn or defective, 
18. Impeller turning on shaft be- 
cause Of broken key, 

19. Flexible coupling broken, or 

20. Loss of suction during pumping 
caused by leaky suction line, ineffective 
water or grease seal, too high a suction 


lift or air or was in the sewage. 


3.33 Symptom C—High Power 
Requirements 


3.331 Causes: 


1. Speed of rotation too high, 
2. Operating heads lower than rat- 
ing for which pump was designed, re- 
sulting in excess pumping rates, 

3. Cheek valves open, draining long 


force main back into well, 


ths 
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4. Specific gravity or 
liquid pumped too high, 


viscosity of 


Clogged pump, 

6. Sheaves on belt drive misaligned 
or maladjusted, 

7. Pump shaft bent, 

&. Rotating elements binding, 

9. Packing boxes too tight, 

10. Wearing rings worn or binding, 
or 


11. Impeller rubbing. 


A flow-recording meter should be a 
part of most pumping installations. 
When a separate electric meter is used, 
electrical consumption should re- 
corded daily. 

The most valuable to the 
operator are (a) daily flow charts, (b) 
total daily flow (from totalizer) ; and 
(c) electricity used. 

By examination of the flow charts 
and power consumption, the operator 
may determine: 


records 


1. Sewage flow rates at any particu- 
lar time; 

2. Output of each pump separately 
and in combination with other pumps; 

3. Whether unusual operating condi- 


have oceurred 
(see discussion under Sections 3.32 and 
3.33) ; 


tions are oceurring or 
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3.34 Symptom D—Noisy Pump 
3.341 Causes :— 


1. Pump not completely primed, 
2. Inlet clogged, 
3. Inlet not submerged, 
4+. Pump not lubricated properly, 
5. Worn impellers, 
6. Strain on pumps caused by un- 
supported piping fastened to the pump, 
7. Foundation insecure, or 
8%. Mechanical defects in pump. 


4. Whether adjustments should be 
made to regulate rates of flow by 
changing pump sequence, eliminating 
or replacing one of the pumps, chang- 
ing cutin and cutout water elevations, 
or changing cross-sectional area of the 
wet well; and 

5. Quantity of sewage pumped per 
kilowatt hour. This is particularly 
valuable when comparisons are made 
over a long period to determine the 
change in pump efficiency. Rising 
power consumption per gallon pumped 
may be caused by any of the troubles 
discussed under Section 3.33. 


The flow chart should be kept for 
ready reference and retained for sev- 
eral years. Total daily flow and maxi- 
mum and minimum flow rates should 
be recorded for the main pumping sta- 
tions along with other plant data. 
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4. SCREENING 


Raw sewage contains materials such 
and 
removed ahead of all 
plant units, they may obstruct pipe- 
lines, channels, ports, pumps, orifices, 
They interfere with mov- 


as rags, metal, garbage, sticks, 


bricks. Unless 


and nozzles. 
ing 
wheels, 


such as chains, sprocket 


parts 


and shafts, or occupy space 


4.1 


Screening facilities may be classified 
broadly as (@) coarse screens or racks, 
(b) bar screens, and (¢) comminuting 


devices. 


411 Coarse Screens or Racks 


Coarse screens principally are used 
to remove objects such as large pieces 


of wood, bricks, or other floatables 


which may be washed into a combined 


(Figure 4-1 


sewer system In such a 


needlessly in the treatment structures. 
Once admitted to the plant, they are 
difficult to and require 
temporary dewatering or shutdown of 
critically needed treatment units. The 


purpose of screening devices is to re- 


remove may 


move these objectionable or damaging 
materials. 


DESCRIPTION OF PROCESS 


system, these 
erit which 


stalled ahead of the regular bar sereens 


sereens protect pumps 


and chambers may be in- 
or mechanical shredders. 


The 


evenly 


with 
round 
The clear open- 


screens are constructed 


spaced rectangular or 
bars set in a channel. 
ing is usually from 21% to 4 in. and the 
bars are sloped at an angle of from 45 
to 60 deg from the vertical, terminating 
platform. A 


used to remove objects from the rack. 


at a horizontal rake is 


FIGURE 4-1.—Trash racks ahead of storm-water discharge on a large, 
combined sewer system. 
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FIGURE 4-2.—Comminutor and standby bar screen. 


4.12 Bar Screens screens consist of a series of bars evenly 

A bar screen is installed in nearly spaced to form a rack. The slope of 
all plants as either the only screening the rack is often 60 deg from the hori- 
unit or as a standby for a comminuting zontal, with the unit terminating at a 
device (Figure 4-2).  Hand-cleaned platform onto which the screenings may 


FIGURE 4-3.—Large, mechanically cleaned racks. 


/ 
ion 
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be raked for dewatering. Openings be- 
tween the bars are commonly between 
1 and 21% in. 

When bar screens are used at large 
plants as the primary screening device, 
they are usually cleaned mechanically 
(Figure 4-3). The bars may be set 
vertically or at a small angle from the 
vertical. Screenings are removed by 
traveling rakes and deposited either on 
a platform or in buckets, cans, or 
trucks. Mechanisms may be operated 
continuously or intermittently. 


4.12 Comminuting Devices 


Many plants are now equipped with 
mechanical devices for cutting or shred- 


4.21 Coarse Screens 


Daily removal of the debris collected 
on these racks normally is sufficient 
during dry weather. But when there 
is much storm water, a large number 
of objects may be washed down the 
sewers, requiring more frequent. re- 
moval. Often this material may be 
hosed off thoroughly and hauled to a 
disposal site for municipal rubbish. 


4.22 Bar Screens 


Screenings should be removed as 
often as is necessary to prevent inter- 
ference with reasonably free flow in 
the sewer; this may be from two to 
five times daily. If sereenings are 
removed mechanically, the mechanism 
should be operated frequently enough 
to keep the channel or sewer flowing 
freely. 

Mechanisms, chains, sprockets, and 
all other moving parts require lubrica- 
tion and adjustment as recommended 
by the manufacturer. 


4.23 Comminuting Devices 


These devices usually are operated 


continuously. Sewage on the upstream 


4.2 MANAGEMENT OF SCREENING OPERATIONS 
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ding the materials normally classified 
as screenable (Figure 4-2). One com- 
mon arrangement is to have an alter- 
nate channel with a bar sereen so that 
screenable objects may be removed 
when the mechanical device is out of 
service for maintenance or repair. 

shredder or comminutor es- 
sentially a slotted drum revolving in 
the path of the sewage. As the drum 
revolves against cutting surfaces, the 
materials which have passed through 
the slotted openings are eut into small 
pieces, Some of these devices have a 
stationary drum with eutting blades 
revolving against the slotted surfaces 
others have moving blades which cut 
the materials collected on the sereen, 


side of the comminutor should be by- 
passed through the bar screen for a 
short yeriod every few days to facilitate 
removal of settled material which, if 
permitted to flow through the cutting 
machine, would dull the eutting sur- 
faces. Stone, sticks, and other un- 
wanted material should be removed 
whenever observed. 

As with all mechanical equipment, 
comminutors should be lubricated and 
otherwise maintained in accordance 
with the detailed instructions of the 
manufacturer. The cutting surfaces 
require sharpening, and the clearances 
require adjustment from time to time. 


4.24 Disposal of Screenings 


Objects collected on a bar screen are 
removed with rakes. Tines of hand 
rakes should be spaced to remove mate- 
rials clinging to or partially wrapped 
around the bars. Sometimes operators 
dispose of the screenings by merely 
raking back and forth to dislodge mate- 
rial and force it through the spaces 
between the bars and into the’ flowing 
sewage. This defeats the purpose of 


screening. Good practice ealls for care- 


; 

ia 
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fully raking the stranded material up- 
ward to the platform for dewatering 
through the drain usually installed 
there. Losing the screenings helps to 
remove some of the organic material 
and makes their handling and disposal 
Disposal by burial is 
most common, and except for incinera- 
tion or shredding it is the only satis- 
factory method. 

Sereenings removed mechanically 
from bar screens are usually deposited 
directly into cans or trucks for dis- 


less offensive. 
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posal. But sometimes they are de- 
posited by the mechanism on a drained 
floor where they are dewatered before 
removal to the ultimate disposal site. 
Frequent hosing of all floors and 
walls is necessary to keep the area 
clean and reasonably free of odors and 
flies. Cans, if they are used, should be 


covered. 

A record is usually kept of quantities 
of screenings disposed of in large in- 
stallations where handling or ineinera- 
tion operations are substantial. 


3. 


5. GRIT REMOVAL 


Grit comprises sand, dust, stones, 
cinders, and other heavy, inorganic 
material. If efficient removal is prac 
ticed, grit should contain little organie 
material and can frequently be disposed 
of as fill in the vicinity of the plant. 
The early removal of this material (a) 
prevents abrasive action on mechanical 
equipment such as pump impellers, 
packing glands, and collector mecha- 
nisms, (b) reduces hazards of clogging 
in plant units such as pipelines, tanks, 
and hoppers, and (c) simplifies sludge 
handling and disposal. 

Grit removal usually follows or is 
part of the screen unit. 

Grit is held in suspension in the raw 
sewage because the velocity in the 
sewer is high enough to keep it from 
settling. Separate sanitary sewer sys- 
tems are usually designed to provide a 
velocity of at least 2 fps when flowing 


full. Combined sewer systems usually 
permit settling of a portion of the grit 
and some of the organic material dur- 
ing dry-weather flow, the deposited 
material being flushed out during pe- 
riods of high runoff, when the velocity 
is 2 fps or higher. 

When the velocity is reduced to about 
1 fps, as in a grit chamber, differential 
sedimentation will oeeur; most of the 
grit will settle while most organic ma- 
terial will remain in suspension. 

Grit varies over a rather wide range 
in size and general physical character- 
istics, depending on the source of ma- 
terial. It may originate in street sur- 
faces and enter the sewer through 
street drains, storm sewers, or founda- 
tion drains. Where joints permit it, 
and the ground-water level is above the 
pipe, coarse sand may be admitted in 
substantial amounts. 


5.1 DESCRIPTION OF PROCESS _, 


5.11 Types of Facilities 


Grit removal facilities are built in a 
variety of forms and shapes. Some are 
hand cleaned; others are equipped 
with mechanically operated grit re- 
moval equipment. The structures may 
consist of two or more parallel, narrow, 
relatively shallow channels, or square 
or circular tanks. Some depend on 
gravity only and others use air or im- 
pellers to aid in separation and_ re- 
moval. Some provide for washing the 
erit during removal; others simply re- 
move it. All types require some means 
for controlling velocity and settling 
time. 


5.12 Hand-Cleaned Chambers 
Hand-cleaned grit chambers are com- 
monly used in small plants. They 


usually consist of two parallel elon- 
vated channels equipped with velocity 
control devices to provide a nearly 
constant velocity of about 1 fps for the 
expected range of flow rates (Figure 
D-1 Devices commonly used for ve- 
locity control are Parshall flumes, para- 
bolic flames, and proportional weirs. 

Many installations have  hopper- 
shaped bottoms below the flow line for 
grit storage. Frequently, drains are 
installed in the bottom of the hoppers 
to dewater the channel to facilitate re- 
moval of the grit. Grit is removed by 
hand to buckets or wheelbarrows using 
shoveling hoes or shovels. 


5.13 Mechanically Operated 
Chambers 


Mechanically equipped grit removal 
facilities usually are installed where 
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FIGURE 5-1.—Parallel grit chambers. 


(a) the flow is relatively high, (b) a 
large quantity of grit is expected, or 
(c) the chamber is installed so far be- 
low ground surface that hand removal 
is impracticable. 

Two or more chambers are usually 
installed to provide needed flexibility 
in velocity control and detention pe- 
riods for widely varying rates of sew- 
age flow, particularly for combined 
sewer systems. Multiple chambers also 
permit continuous operation when one 
of the units is temporarily out of serv- 
ice for equipment repair or mainte- 
nance. 


5.131 Mechanical Equipment :—Grit 
is removed continuously by equipment 
which serapes or pushes it onto some 
form of conveyor or which delivers the 
grit to a receiver such as a can, storage 
bin, or truck. The grit is washed as it 
is moved through the sewage, thereby 


removing some of the organic material 
from the grit particles. 

Other methods for mechanical re- 
moval utilize compressed air or an im- 
peller to suspend the organic material 
while the grit settles for removal by 
pumping or conveyors. 


che 
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5.2 NORMAL OPERATION 


Although grit) removal is a simple 
uncomplicated process, its effective con- 
trol may require all the ingenuity and 
resourcefulness of the well-trained op- 
erator familiar with the peculiarities 
of the sewer system and characteristics 
of the sewage. 


5.21 Manually Cleaned Units 


With ideal operating conditions and 
a sufficient number of channels, effee- 
tive grit removal can be accomplished 
while one or more additional channels 
are idle for dewatering and grit re- 
moval. Operation would then be re- 
duced to the following procedures: 


1. Measure the depth and location of 
vrit in the collecting channels. 

2. When grit has accumulated to 
about one-half liquid depth in the first 
half or two-thirds of its length, bypass 
the flow to the unused, cleaned channel. 

3. Dewater channels containing grit 
by opening valves on dewatering lines. 
These lines may discharge to sand dry- 
ing beds, raw sewage wet wells, or 
chlorine contact tanks. 

4. Remove grit after it has been well 
dewatered, using shovels or shoveling 
hoes. Measure or estimate quantity re- 
moved. Grit may be buried in shallow 
trenches or hauled to sanitary land fill 
areas. Disposal on land surfaces may 
create objectionable odors. 

5. Flush out channels and close 
valves on drains. The unit is now 
ready for service. 

6. Analyze samples of grit removed 
for volatile solids. If an unusually 
high percentage is found, undertake 
corrective measures outlined in See- 
tion 5.31. 

7. Check for unusual quantities of 
grit in the treatment units which fol- 


low grit removal. 


Remove erit) from other plant 
units if found in substantial quantities 
and undertake corrective measures out- 
lined in Seetion 5.32. 


5.22 Mechanically Operated 
Units 


Effective operation of these units re- 
quires control procedures similar to 
those outlined for manually cleaned 
units. In addition, the following pro- 


cedures and practices are required: 


1. Maintain all mechanical equip- 
ment in accordance with manufactur- 
er’s instructions. 

2. Keep all moving equipment free 
of debris and daily hose down all ex- 
posed walls, emergent scrapers, ete. 

3. Dewater each unit at least once 
yearly during season when the smallest 
quantity of grit is expected. Examine 
all equipment and tank surfaces below 
the water line, and repair, adjust, or 


replace parts as needed. 


5.23 Safety Measures 


Explosive or toxie gases contained in 
the sewage have opportunity in grit 
chambers to mix with air causing toxie 
conditions or explosive atmosphere, Ex- 
cept when these chambers are com- 
pletely exposed to the atmosphere, the 


following precautions are essential : 


1. Grit chamber should thor- 
oughly ventilated at all times. 
2. The area should be considered an 


explosive zone and protected as such. 


3. The area should be considered a 
toxic zone and adequate precautions 
taken to insure that the operators are 
protected periodically observed 


while working in the units. 
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5.31 Symptom A—Excessive 
Organic Material in Grit 


5.311 Cause: —-Velocity is 


and detention period too long. 


too low 


5.312 Prevention and Cure:—Reduce 
cross-sectional area of channel occupied 
by the flowing sewage by : 


1. Installing planks, brieks, or tile 
along sides of the channel; 

2. Reshape or repair outlet weir to 
proportionally reduce depth of flow for 
all normal present flow rates ; 

3. Decrease number of channels 
used ; or 


The following simple records and 
tests are useful to the operator, par- 
ticularly for deteetion of unusual 
trends in quantity and quality of the 
grit. Comparison of the records from 
time to time may warn the operator of 
a new or changing source of grit and 
may help him and others to locate the 
trouble. 


5.41 Quantity of Grit Removed 
The volume of the grit removed 
should be recorded each time hand- 


cleaned units are emptied. Daily ree- 
ords should be kept for mechanically 


operated units. Quantity should be 
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4. Reduce length of channel by mov- 
ing outlet weir. 


5.32 Symptom B—Carryover of 
Grit 


5.321 Cause:—Velocity is too high 


and detention period too short. 


5.322 Prevention and Cure:- 


1. Remove grit more frequently ; 

2. Increase number of channels used ; 
or 

area of 


3. Increase cross-sectional 


channels. 


calculated in terms of the flow that has 
passed through the unit. For example, 
if 20 cu ft is removed and the total 
sewage flow through the unit has been 
5 mil gal since the chamber was previ- 
ously cleaned, the grit removed should 
be recorded as 4 cu ft/mil gal. 


5.42 Volatile Solids Content 


The per cent volatile matter should 
be determined regularly where labora- 
tory facilities are available. Tests 
should be made daily for mechanically 
cleaned units and for each batch re- 


moved in hand-cleaned units. 


6. SEDIMENTATION 


Solid particles suspended in 
sewage are carried forward because of 
action of the 
If the velocity of flow and mix- 


once 
the speed and mixing 
liquid. 
ing action are greatly reduced, most of 
the solid material will settle. 
the 
remove all 


In sew 
sedi- 


settleable 


age treatment, purpose of 


mentation is to 
solids. 

Primary settling tanks remove the 
vrosser suspended load from sewave 
prior to discharge to receiving waters 
or secondary treatment units. See 
ondary or final settling tanks remove 
the into settleable 


material converted 


solids by biological or chemical treat- 


ment. Preaeration, mechanical floecula- 


tion, and chemical treatment are some- 


times used to increase sedimentation 


efficiency, 
tanks 


Sedimentation may be de- 


signed for filland-draw or continuous 
operation, Except for some industrial 


wastes, fill-and-draw operations are 


seldom used.  Continuous-flow tanks 
are usually provided for the treatment 
of municipal sewage and in most in- 
stances for the treatment of industrial 


wastes. 


6.1 FUNDAMENTALS OF REMOVAL 


Particles in suspension may be clas- 
sified as granular or floceulent. Gran- 


ular particles (sand, silt) settle at con- 
stant velocity, independent of one an- 
other 


shape, or weight 


and without change in size, 
Flocculent particles 
(organic matter, flocs formed by eo- 
tend to 


changes 


agulants or biological growths 
cluster settling, 
in size, shape, and relative density. 
The ordinarily settle 
rapidly than individual particles. Set 


during with 


clusters more 
tleable solids comprise that portion of 
tlocculent 
under 


the granular and material 
which settles 


tions in a reasonable 


quiescent eondi- 


time This period 
is commonly, though arbitrarily, taken 
Non-settleable solids are 
that they will not 
settle, even under these conditions 


as one hour. 
so finely divided 


6.12 Factors Influencing 
Sedimentation 


6.121 Sewage Characteristics: 
mentation is affected by the strength 
and freshness of the and the 
density, shape, and size of the par- 


Sedi- 


sewave 
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ticles. settles 
more readily than weak sewage. On the 


other hand, 


Strong sewage usually 


stale sewage settles less 
readily than fresh sewage because the 
particle sizes are reduced by biological 
the particles 
AS. A 


rapidly 


and also 
tend to be buoved by 


part icle settles 


degradation, 
dense 
more than a 
light one; a particle with a large sur- 


face area, in relation to its weight, 


irregular 
shape has greater frictional drag and 


settles slowly; and one with 
settles more slowly than a particle with 


a regular shape. 


6.122 Detention Period:——-This is the 
time required for the sewage to flow 
through the 
flow. 


tank at a given rate of 
The detention period should be 
sufficient to allow practically complete 
removal of settleable solids. Long de- 
tention periods do not materially im- 


prove removal and may actually be 


harmful by allowing the sewage to 


become stal 


6.123 Tank Dimensions: 


moval of granular particles settling at 


Rate of re- 


— 
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FIGURE 6-1.—Effluent weirs. 


uniform velocities depends almost en- 
tirely on tank surface area. Rate of 
removal of flocculent particles settling 
at variable velocities depends on both 
tank surface area and depth. In plain 
sedimentation, surface loadings of 900 
to 1,200 gpd/sq ft and depths of from 
8 to 10 ft are common. 


6.124 Inlets and Outlets:—Inlets are 
designed to reduce entrance velocity 
and distribute flow uniformly through- 
out the cross section of the basin by 
means of suitable openings, baffles, or 
other means. 

Outlets for removal of clarified sew- 
age may be ports or weirs (Figure 6-1). 
They should be of sufficient area or 
length so that velocities at the outlet 
end of the tank are low enough to pre- 
vent carryover of bottom deposits. 
Baffles should be provided ahead of out- 
let weirs in primary tanks to prevent 


loss of floating solids and grease. 


6.13 Grease Removal 


In sewage, the fats, waxes, free fatty 
acids, calcium and magnesium soaps, 
mineral oil, and other non-fatty mate- 


Note sludge collector flights on floor. 


rial are collectively called grease. 
Under quiescent conditions, a part of 
the grease settles with the sludge, and 
part floats to the surface where it may 
be removed by a suitable skimming de- 
vice. 

Flotation of grease can be hastened 
by blowing air into the sewage. The 
small, rising air bubbles attach them- 
selves to the grease particles, increas- 
ing their buoyaney and entrapping 
them in the surface foam created. 


6.14 Chemical Treatment 


Chemieal treatment is used when it 
is desired to remove more finely divided 
suspended and colloidal material than 
is possible with plain sedimentation. 
The chemicals used react with con- 
stituents of the sewage or with other 
chemicals added for this purpose to 
form a heavy, floeculent precipitate. As 
the precipitate settles, the suspended 
and colloidal particles are entrapped 
and adsorbed on the large and sticky 
surface. Removals lie between those 
obtained by plain sedimentation and 
those obtained by secondary biological 
treatment. 


6.2 DESCRIPTION OF PROCESS 


Sedimentation tanks may be elas- 
sified into two types, (a) rectangular 


and (b) cireular (or square). In the 


rectangular type, sewage flows from 
one end of the tank to the other and 
the sludge is moved by scrapers to the 


Vol. 32, No. 10 1137 
% 


1138 


the circular or 
type, the sewage usually enters at the 
center and flows radially to 
riphery, with the 
otherwise 


inlet end. In 


square 
the pe- 


sludge pushed or 


transported to the center. 
There are some designs, however, in 
which sewage enters circular tanks 


tangentially at the outer edge and flows 
inward. 

Small rectangular or circular tanks 
may have a sludge collection hopper 
covering the entire bottom of the tank 
in leu of a sludge collection mecha- 
nism. Since hopper slopes must be 
steep, this type of tank is confined to 
small 
depth. 


sizes to avoid excessive tank 


6.21 Rectangular Tanks 
Rectangular tanks may be 
units or in a 


in single 
The 


several 


units, 
length of the tank is usually 


series of 


times the width. Deposited sludge is 
moved to a hopper at one end, either by 
wood flights mounted on parallel 


strands of conveyor chain or by single 
bottom scraper mounted on a carriage 


moving on rails fastened to the tank 


walls. 
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FIGURE 6-2.—Rectangular sedimentation tanks. 
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Chains and flights are carried on 
submerged sprockets, shafts, and bear 
The 
flight may be arranged to remove float- 
ing material from the tank on their 
return path (Figure 6-2), or flat, water 
sprays inclined to the surface may be 
used instead. 


ings, and are driven by a motor. 


Moving carriages are 
towed by cables or powered by traction 
drives. 

The settled solids may be collected 
in a single hopper, in multiple hoppers, 
or in a transverse trench with a hopper 
at one end. The transverse trench may 
be equipped with a flight-and-chain col- 
lector or a screw conveyor to carry the 
sludge to the hopper. 


6.22 Circular Tanks 
The 


describe cireular sedimentation 


term clarifier often is used to 

tanks. 
The most common type of cireular tank 
is a single structure in which the flow 
is introdueed at the center into a feed- 
well which inlet 


(Figure 6-3 The sewage 


dissipates velocities 
moves 
dially from the feedwell to the weir and 
overflow trough at the outside edge of 


the tank. Settled solids are raked to a 


“| 
: 
| 
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hopper near the tank center by arms 
attached either to a drive unit at the 
center of the tank or a traction unit 
operating on the tank wall. In pri- 
mary tanks, floating material usually 
is moved to the skimmer by a surface 
blade attached to the sludge collector. 


6.23 Flotation Processes 


Grease may be separated by natural 
flotation under quiescent conditions. 
This may be done in sedimentation 
tanks or in separate skimming tanks. 
In rectangular sedimentation tanks, 
the floating material is moved to one 
end of the tank by sludge collector 
flights returning along the surface or 
by flat water sprays inclined to the 
surface. In cireular tanks, floating 
material is usually moved to a skimmer 
(Figure 6-4) by a surface blade at- 
tached to the sludge collector. The 
collected material is removed from the 
tank through a slotted pipe or other 
type of skimming device. 

Grease may be separated also by air 
flotation, a process which relies on the 
lifting action of small air bubbles. <Air- 
flotation units now in use differ in the 
method of air application, source of 
air, and means for inereasing utiliza- 
tion of the rising bubbles. Air may 
be introduced to the sewage before it 
enters the flotation tank, and some- 
times a vacuum is applied to the tank 
surface to aid the process. Blowers, in- 
jectors, or mechanical aerators are eom- 


monly used. 
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FIGURE 6-3.—Secondary settling tank with sludge scraper. 


6.231 Preaeration:—Preaeration by 
air diffusion or mechanical aeration can 
take place in separate structures (Fig- 
ure 6-5) or in the settling tank itself 
as an aid to the sedimentation process. 
Several different designs are in use. 


6.24 Chemical Treatment 


6.241 Facilities:—Chemical treat- 
ment consists of a quick or flash mixing 
of the coagulants with the sewage, fol- 
lowed by slow mixing or flocculation 
(Figure 6-6), followed in turn by set- 
tling and removal of the sludge. Usu- 
ally, the process follows screening and 


FIGURE 6-4.—Skimmer on a circular tank. 
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grit removal and precedes sedimenta- 
tion; it may follow sedimentation in 
some cases, particularly where large 
quantities of readily settleable material 
are present or where oils and greases 
are removed earlier. The flash-mix 
time is very short, ranging from less 
than 1 min to 3 min. Flow-through 
time for slow mixing or flocculation is 
usually about 30 min, ranging from 
about 20 min to 1 hr. 


6.242 Adaptation:—The process is 
generally employed where a degree of 
treatment intermediate between plain 
sedimentation and secondary biological 
treatment is needed. This process is 
often used under the following condi- 
tions: 


1. Where wastes have a large propor 
tion of finely divided suspended solids 
which will not settle readily by gravit) 
alone ; 

2. For seasonal treatment of wastes 
such as cannery or other organic 
wastes, or to satisfy unusual stream re- 
quirements where installation of exten 
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sive secondary treatment is not justi- 
fied; or 

3. Where more than plain sedimenta- 
tion is required, but the constituents 
are not amenable to biological treat- 
ment. 


6.243 Chemicals Used:—Many chem- 
icals are used for this process, the most 
common of which are: 


1. Aluminum sulfate or alum, 
2. Ferrie sulfate and ferrie chloride, 
3. Ferrous sulfate and ferrous chlo- 
ride, and 
4. Lime, used alone or with alum or 
ferric salts 


6.244 Sludge Produced:——Much more 
sludge is produced in chemical treat- 
ment than in plain sedimentation by 
reason of the additional solids removed 
and the quantity of chemicals recov- 
ered. Some sludges are readily di- 
vested while others are not, depending 
on the chemicals used. Lime precipita- 


tion makes the pII and total alkalinity 
too high for favorable digestion. 


FIGURE 6-5.—Preaeration unit. 
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FIGURE 6-6.—Mechanical flocculator. 


Sludges associated with ferrie or ferrous 
coagulants will digest well. Chemical 
sludges are commonly dewatered on 


6.3 NORMAL 


6.31 Equal Flow 


Sedimentation is most efficient if the 
flow is distributed equally among all 
Unequal flow 
causes uneven detention periods in the 
various tanks and always results in a 
lesser over-all reduction of suspended 
solids and BOD. 


available settling tanks. 


vacuum filters without digestion when 
chemical treatment is operated on a 
year-round basis. 


OPERATION 


The overflow kept 
clean and at equal elevations to main- 
tain equal flow. To the 
equally, it is sometimes necessary to 


weirs must be 


divide flow 
provide a control orifice at the entrance 
to the sedimentation tanks. 

The purpose of the inlet baffle is to 
help distribute the sewage evenly. Baf- 
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fles should be clean and in sound condi- 
tion; unless they are, reduced efficiency 
may result. 


6.32 Routine Inspection 

The settling tank and all mechanical 
equipment should be inspected several 
times during each shift. Sludge re- 
moval equipment, grease skimmers, 
and pumps should be checked for 
proper operation and conditions on the 
water surface should observed. 
Floating sludge or an abundance of gas 
bubbles are evidence of equipment or 
process breakdown. Often, a breakage 
of underwater chains can be detected 
in this way. 


6.33 Scum Removal 


A scum barrier or baffle normally is 
provided somewhere in the flow path 
between the influent and effluent por- 
tions of the tank. The floating seum 
may be removed either mechanically or 
manually (Figures 6-4 and 6-7). There 
will be less carryover of scum, floating 
garbage, and grease if scum is removed 
before any appreciable amounts are al- 
lowed to accumulate on the scum bar- 
rier. Excessive skimming will result in 
too much water being carried over with 


the seum. Insufficient skimming. al- 
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FIGURE 6—7.—Manual skimming. 
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lows scum to flow around or under 
the baffle and out with the effluent. In 
rectangular settling tanks without au- 
tomatic skimmers, it is desirable to 
remove the tank skimmings manu- 
ally after the flights have made one 


complete revolution. Ideally, small 
amounts of scum should be skimmed 
continuously. Hach operating staff 


will determine by experience that pat- 
tern best suited to its plant. 


6.34 Collecting Sludge 

There are two methods in general 
use for moving settled sludge to a point 
in the settling tank where it may be 
drawn off. The simplest method is 
used only in small tanks where the 
whole bottom of the tank is built on a 
steep slope and the settled sludge slides 
down the slope to the point of drawoff. 
Kor this kind of a tank, the sloping 
sides should be seraped onee each day 
to be sure the sludge moves to the 
bottom. 

Most treatment plants use mechani- 
cal sludge collectors in tanks having a 
gently sloping bottom. The collectors 
may be run on varying schedules de- 
pending on the type of plant and 
equipment and the characteristics of 
the sewage. Many operators of rec- 
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Quality Description 


Non-uniform, lumpy 
Brown 


Physical texture 
Color 


Density 
3-8% 
Odor Usually offensive 
Volatile matter 
total dry solids 


pH Usual range 5.5-6.5, aver- 


age value about 6.0 

Total alkalinity 
ally 500-800 

Mineral or non-vola- 
tile solids content 
solids 


Septicity Non-septic 


Sludge volume 


gal 


Digestibility Normally easily digested 


Grease content Normally 15-20 


Drainability on sand 


beds Poor 


tangular tanks start the collector 
mechanisms about an hour before 
sludge is drawn and turn them off 
when drawing is complete. <A few 


operators let them run continuously, 
but normally this is not necessary. In 
a square or round tank, it may be nec- 
essary to run collectors continuously 
as it takes longer for sludge to be 
moved to the hoppers. This precaution 
avoids the possibility of overloading 
the mechanism by piling up of solids. 


6.35 Raw Sludge Characteristics 


The quality of sludge removed from 
plain sedimentation tanks varies widely 
from plant to plant. Variations de- 
pend upon many factors, but the prin- 
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TABLE 6-1. Characteristics of Raw Sludge from Plain Sedimentation Tanks 


Average solids content of 


Range 300-1,000 mg/I, usu- 


Around 30% of total dry 


From 70-700 cu ft/mil gal 
of sewage treated, average 
about 250-350 eu ft/mil 
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Remarks 

Dyes from industrial wastes may color the 
sludge or it may be dark gray or black in 
color if septic (see septicity below) 

A good quality for drawing should average 
5-7% solids 

May have little or no odor in presence of such 
industrial wastes as metallic salts 


Average range, 70-80% of | Occasionally may run as high as 85% or as 


low as 60% 
Affected by industrial wastes and septicity of 
sludge 


| If appreciably more than 30%, 
| grit should be suspected 
Septic raw sludge is, however, rather common 
because of: (a) septic raw sewage, (b) re- 
tention of sludge too long in tanks, and 
(c) poor quality overflow liquor from diges- 
tion tanks 
High volumes indicate too thin a sludge is 
being drawn or some voluminous industrial 
waste is present. Low volumes indicate 
weak sewage, poor tank efficiency, or sludge 
building up in tanks 
Non-digesting raw solids indicate harmful 
industrial wastes, such as metallic salts or 
fibrous matter 
Appreciably higher figures are indicative of 
industrial wastes such as waste oils or wool 
scouring wastes 


presence of 


cipal ones are these : 


1. Composition of the sewage enter- 
ing the tank—freshness, strength, con- 
stituents, settleability ; 

2. Characteristics and adequacy of 
the settling tank; and 

3. Management of the settling tank, 
including methods of sludge removal. 


The observations of Van Kleeck (1) 
on the quality of raw sludge settled 
from sewage largely of domestic origin 
are summarized in Table 6-1. 


6.36 Sludge Pumping 


The proper solids concentration of 
sludge pumped from primary settling 
tanks will vary from plant to plant, 


{ 


but will generally be from 5 to 8 per 
cent. The sludge pumped see 
ondary settling tanks is much thinner, 
and pumpage is usually dictated by 
the requirements of the biological 
treatment. 

Pumping may be continuous or in 
termittent. When several pumps are 
used, one pump may withdraw sludge 
from one hopper while another pump 
withdraws from another; however, a 
single pump should not withdraw 
sludge from more than one hopper at 
a time. Differences in head losses in 
the piping and varying densities, vis- 
cosity, and clogging factors would 
cause too much sludge to be withdrawn 
from one hopper, and too little from 
the other. Pumping should be for 
short duration at frequent intervals 
rather than for long periods at  in- 
frequent intervals. 

In small plants with operating per- 
sonnel on duty only part of the time, 
sludge may be pumped only onee or 
twice a day; in a large plant with op- 
erating personnel on duty at all times, 
sludge may be pumped hourly. Sludge 
can be pumped only as fast as it can 
flow to the sludge inlet. If pumping is 
too fast, settled sewage will be pumped 
to the digester instead of sludge. 


6.37 Volume of Sludge 


Excess liquid pumped to a digester 
needlessly occupies valuable digester 
capacity. With reasonable care, the 
operator should be able to remove 
sludge containing five per cent solids. 

The volume of sludge to be removed 
from any settling tank may be esti- 
mated by the operator who measures 


TABLE 6-2 
Dry Weight Concentration Sludge 
of Sludge f Solids Volume 
Ib gal 
35,600 
900 I 2,700 
900 5 2,160 
900 6 1.800 
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the influent and effluent suspended 
solids, the total solids in the sludge 
pumped, and the sewage flow. In the 
following equations the method of com- 


putation is shown: 
dry solids removed (Ib) 
SS removed (mg/l) X 8.35 
sewage flow (mil gal). . (6-1) 
wet sludge removed (Ib) 
dry solids removed (Ib 


100 


“> dry solids in sludge 
wet sludge removed (gal) 
wet sludge removed (Ib 
. (6-3) 


8.35 
6.371 Example:— Assume sewage 
flow = 1.0 mil gal; SS in effluent = 250 
mg/l; SS in effluent = 150 mg/l; dry 
solids in sludge, 5 per cent. How much 
sludge must be pumped? 

By substituting in Eq. 6-1 it is found 
that the dry solids removed = 100 
8.35 x 1.0 835 lb. Now substituting 
in Eq. 6-2, the wet sludge removed 
835 x 100/5 = 16,700 Ib. Finally, by 
Eq. 6-3, the volume of sludge pumped 

16,700/8.385 = 2,000 gal. 

If the solids in the sludge pumped 
had been 3 rather than 5 per cent, the 
resultant volume would have been 835 

1003 or 27,830 Ib, or 3,333 gal. 

From calculations of this kind, the 
operator may determine the length of 
time required for pumping with any 
pump of known capacity. Frequently, 
a little arithmetic of this kind will eut 
down the pumping of excess water to 
the digesters. 

The wide variation in the sludge 
volume with a small change in the eon- 
centration of solids is shown in Table 
6-2. 

The careful operator who is able to 
pump sludge into a digester at 6 per 
cent solids must pump only half as 
many gallons as the careless operator 
who allows excess water to dilute the 
sludge to 3 per cent solids. 


2 
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6.372 Pumping Appurtenances :— 
Wherever a flushing system is pro- 
vided, a few minutes’ flushing once a 
week is usually adequate to keep the 
line clean. The lines also should be 
flushed if the sludge becomes difficult 
to pump. Cleanouts in sludge suction 
lines and sludge pumps often are pro- 
vided and these should be checked if 
pumping trouble oceurs. When the in- 
stallation permits, sludge lines can be 
cleaned with hydraulically propelled 
cleaning tools or balls. 

Vacuum and pressure gages should 
be installed on sludge pumps to indi- 
eate the conditions under which the 
pump is working. Pressure gages are 
useful also in indicating a stoppage or 
solids buildup in the pressure line. 
Gages can be added easily by the op- 
erator. 


6.38 Miscellaneous Maintenance 


Adoption of the following regular 
maintenance practices will not only in- 
erease efficiency, but provide better 
working conditions for the operator: 


1. Remove accumulations regularly 
from the inlet baffles and effluent weirs. 
Generally, this can be done with a hose 
and broom. The necessary frequency 
can be determined only by experience. 

2. Clean scum removal equipment 
regularly. This equipment is a major 
source of obnoxious odors and un- 
sightly appearance when neglected. 

3. Keep cover plates in place except 
when operations require their removal. 

4. Hose down and remove all sewage 
and sludge spills as soon as possible. 

5. Keep leakage from sludge pump 
glands off floor surfaces by piping it to 
floor drains. 

6. Prepare a lubrication chart for all 
mechanical equipment. The require- 
ments for each piece of equipment can 
be obtained from the manufacturer. 
Any reliable oil company usually can 
provide the services of a trained lubri- 
eation engineer to make recommenda- 
tions. 
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Schedules for lubrication and other 
routine jobs should be posted on a 
check-chart system so that a record is 
kept of the date a job was done, who 
did it, and when it is to be done again. 

The underwater portion of the sedi- 
mentation tank should be ‘inspected 
regularly ; once a year is usually suf- 
ficient. The best time for doing this 
depends on the weather, treatment re- 
quirements, and available personnel. 
Essentially, the following work is re- 
quired for this operation: 


1. Dewater the tank, discharging its 
contents to another tank whenever pos- 
sible ; 

2. Inspect all mechanical equipment 
for wear and corrosion ; 

3. On rectangular tanks with me- 
chanical sludge collectors, check wood 
flights, wearing shoes, main chains, 
drive chains, sprockets, guide rails, and 
grease skimmers; 

4. Replace or repair all defective, 
broken, or badly worn parts; 

5. Adjust chains and be sure flights 
have proper clearance at tank walls (at 
least 1 in.) ; 

6. Check all metal work for corro- 
sion, replace where advisable, and ap- 
ply protective coating; and 

7. Check conerete work and patch 
all defective areas. 


If unusuai corrosion of concrete or 
metal work is found, it may be neces- 
sary to provide ventilation for above- 
water facilities and institute a pre- 


ventive program. Concrete surfaces 
may require a protective coating or 
neutralizing agent and metal may re- 
quire cathodic protection or a protec- 
tive coating. Engineering studies are 
often necessary to develop a satisfac- 
tory solution. 


6.39 Interrelation with Other 
Processes 


Management of a primary sedimenta- 
tion tank is closely related in many 
ways with the operation of other plant 


i 
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facilities. No other single unit 
vides as much opportunity for detee- 
tion of conditions which affect the per 


formance of other plant processes. By 


pro- 


early detection of unusual character- 


6.41 Symptom A—Floating 
Sludge 


6.411 Cause:—Sludve 


in tank and buoyed to surface. 


decomposing 


6.412 Prevention and Cure:—Re- 
move sludge more completely or more 
frequently by one or more of the fol- 
lowing methods: 


1. Operate mechanical scrapers for 
longer periods or more often ; 

2. Replace broken or warped wooden 
flights; or 

3. Remove sludge from hoppers more 
completely by pumping or gravity 
withdrawal for longer periods or at 
slower rates. Where sludge clings to 
inclined surfaces, remove by seraping 
or jetting. 


6.42 Symptom B—Contents 
Black and Odorous 
6.421 Cause: 


strong digester supernatant 


Sept ie sewage or 


6.422 Prevention and Cure: 


Kor sept ic sewave: 


1. Disconnect all 
the collection system ; 


septic tanks from 

2. Modify, pretreat, reduce, or elimi- 
nate organic wastes, such as cannery, 
milk processing, brewery, tannery, and 
organic textiles wastes; 

3. Chlorinate up sewer or ahead of 
sedimentation tank to delay or reduce 
decomposition of sewage; this is par- 
ticularly effective when time of travel 
in sewer is unusually long or 
temperatures are high, and when cer 
tain industrial wastes are present ; 

4. Preaerate listed 
in No. 2 above; or 


sewage 


wastes of types 
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istics, the operator frequently may ad- 
methods of manage 
ment of this facility so that harmful 
and the later 
phases of treatment may be minimized. 


just his normal 


deleterious effeets on 


5. Improve hydraulies of sewer sys- 
tem to reduce accumulations of solids. 


kor strong digester supernatant : 


1. Correct or improve sludge diges- 
tion to produce improved quality su- 
pernatant ; 

2. Reduce rate of withdrawal of su- 
pernatant to sedimentation tank ; 

5. Select better quality supernatant 
from another zone or delay withdrawal 
until quality improves if that is pos- 
sible ; 
of su- 
improves to 


4. Discharge portion or all 
pernatant until quality 
other points such as lagoon, sludge 
drying bed, or tank (under 
some circumstances, discharge to these 


aeration 


points may be permanent) ; or 


». Presettle or elutriate the super- 


hatant. 


6.43 Symptom C—Excessive 
Sedimentation in Inlet 
Channels 


6.431 Cause:—Velocits low for 


cross-sectional area of channel at pres- 


Too 
ent flow rates. 
6.432 Prevention and Cure: 


1. Reduce cross-sectional area by in- 
stalling inner wall of suitable material 
along one wall of channel; or 

2. Agitate with air, water, or other 
means to prevent deposition. 


6.44 Symptom D—Excessive 
Fouling of Surfaces and 
Weirs with Sewage Solids 
or Growths 


6.441 Cause:—Accumulation of sew- 
age solids and resultant plant growth. 
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6.442 Prevention and Cure:- 


1. More frequent and thorough 
scrubbing of all contaet 
with sewage; and 

2. Prechlorination coupled with No. 
1 above. 


surfaces in 


6.45 Symptom E—Intermittent 
Surging of Flow 


6.451 Cause:—High intermittent 
pumping rates. 


6.452 Prevention and Cure: 


1. Adjust controls for pump se- 
quence, pump combinations, and cutin 
and cutoff water surface elevations to 
maintain pumping rates close to rates 
of inflow; or 

2. Install or adjust baffling to reduce 
inlet velocities and to produce better 
flow distribution across entire width of 
tank. 


6.46 Symptom F—Broken 
Scraper Chains and Fre- 
quent Shear Pin Failure 


6.461 Cause:—Excessive load on me- 
chanical sludge scraper. 


6.462 Prevention and Cure:— 


1. Periodically dewater tank and ex- 
amine all metal parts for defects and 
wear ; 

2. Replace defective and worn parts, 
particularly cotter pins, worn chain 


The need for examination of sewage 
as it leaves sedimentation 
tanks varies from plant to plant. In 
deciding which tests are essential, the 
operator must take the 
treatment units which follow, such as 
trickling filters, aeration tanks, inter- 
mittent sand filters, and sludge diges- 
tion and dewatering facilities. 

Where the effluent is discharged to 
receiving waters without further treat- 
the operator must select tests 


enters and 


into account 


ment, 
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links, and badly worn, broken, or 
warped wooden scrapers (flights) ; 

3. Remove or effectively break up 
ice formation on walls and surfaces ; 

4. Install grit chamber or otherwise 
reduce entrance of grit to the sewer 
system if grit accumulation is sub- 
stantial; or 

5. Operate collector mechanism for 
longer period and pump sludge more 
often. 


6.47 Symptom G—Sludge Hard 
to Remove from Hopper 


6.471 Cause:— 


1. High content of grit, clay, or 
other heavy or easily compacted ma- 
terial; or 

2. Low velocity in withdrawal lines. 


6.472 Prevention and Cure:— 


1. Reduce grit content by installing 
grit chamber or locate and _ correct 
sources of grit entering the sewer sys- 
tem ; 

2. Reduce clay content by eliminat- 
ing source where possible, particularly 
in separate sewer systems ; 

3. Loosen compacted material manu- 
ally or by pressure jetting with air or 
liquid ; 

4. Back-flush clogged pipelines ; 
5. Pump sludge more frequently ; or 
6. Revise sludge piping. 


which will measure the impact on the 
stream. 


6.51 Solids Determinations 


6.511 Suspended and Settleable Sol- 
ids:—Tests for settleable and 
pended solids are used to measure the 
effectiveness of sedimentation. These 
tests should be made daily on com- 
posited samples at large plants and at 
least twice weekly at smaller plants 
where laboratory work is conducted. 


SUS- 
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Samples should be taken of the influent 
and eftluent of the tank at points where 
the sewage is well mixed. ‘Test results 
indicate the clarity of the effluent and 
the loading of suspended matter on 
the receiving waters or the biological 
treatment units which may follow. 
They also indicate the quantity of 
sludge to be treated and disposed of. 


6.512 Total and Volatile Solids in 
Sewage: The results of these tests 
when coupled with suspended solids 
values give valuable information on the 
type, concentration, and quantity of 
solids. Garbage from household grind- 
ers, industrial wastes, and infiltration 
of surface and ground waters may be 
detected and in some cases estimated 
from the results of these tests. 

Total volatile matter removed in the 
tanks gives a measure of the loading on 
sludge-handling facilities and can be 
used to cross check determinations of 
volatile matter in the sludge removed. 


6.513 Total and Volatile Solids in 
Sludge: These tests are preferably 
performed daily on composite samples 
of sludge removed from the tanks. The 
results measure the solids loading on 
digesters and sludge-dewatering units. 
Exact knowledge on the per cent mois- 
ture in the sludge provides the opera- 
tor with a way to check his visual ob- 
servations on the extent of compaction, 
the need for increasing or decreasing 
rates and quantities of sludge removed, 
and the amount of excess water trans- 


ferred to the digestion and dewatering 
units. 


6.52 BOD 


The five-day biochemical oxygen de- 
mand is the best single measurement of 
sewage strength. Tests on composite 
samples of influent and effluent should 
be made daily and never less frequently 
than twice weekly, even in small plants. 
Tests on the tank effluent provide an 
excellent measure of the strength and 
quantity of the organic loading im- 
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posed on subsequent biological proe- 
esses or on the receiving waters. 


6.53 pH 


The pH of raw sewage should be 
measured periodically on grab samples 
to establish the normal range. If the 
pH is consistently low, it may indicate 
either that decomposition of the sewage 
has begun in the sewer system or that 
partially decomposed or acid waste is 
being discharged regularly, probably 
from some industrial process. 

The test should be made whenever an 
unusual waste is seen or suspected. 


6.54 Residual Chlorine 


When the tank effluent is chlorinated 
before discharge to receiving waters, 
the chlorine concentration should be 
determined with sufficient frequeney to 
assure that the required residual is 
maintained at all times. Usually one 
sample per hour will suffice. 

When pre- and post-chlorination is 
practiced, residual tests should be made 
on samples which reflect the results of 
each stage of disinfection. 


6.55 Coliform Organisms 


When the plant effluent is discharged 
to waters that may be used as a source 
of drinking water or for swimming, 
tests for coliform organisms should be 
made, particularly at the larger plants 
where facilities and operating staff per- 
mit. Daily samples of the effluent and 
from critical points in the receiving 
waters should be collected ex- 
amined. 


6.56 Jar Test for Chemical 
Coagulation 


Where chemical precipitation is used, 
optimum chemical dosages for effeetive 


coagulation are commonly determined 
by means of the jar test. Since the 
changing characteristies of the sewage 
create corresponding changes in chemi- 
eal dosages, the frequency of testing 
must fit local conditions. 


2 
a : 
ae 
: 
‘ 
j 
4 
| 
a 
4 
it 
j 
| 
| 
ne 


Vol. 32, No. 10 


6.57 Dissolved Oxygen 


Dissolved oxygen should be deter- 
mined to assist in the regulation of air 
supplied to preaeration facilities that 
precede sedimentation. Tests on the 
effluent from the preaeration tanks 
should be made at least daily, more 
frequently if changes in sewage 
strength are to be dealt with. 


6.58 Grease 


Tests for grease should be made on 
raw sewage and the effluent from grease 
removal units. They should be made 
with sufficient frequeney to establish a 
reliable basis for regulation and adjust- 
ment of the treatment units. 


OPERATIONS MANUAL 


6.59 Special Tests 

Special tests should be made as re- 
quired to determine the presence of 
materials which may create operating 


difficulties. Such materials include 
various types of oils and greases, 
cyanide, copper, zinc, chromium, lead, 
and other heavy metals. The effeet of 
these materials on plant processes is 
discussed in other chapters. 


Reference 


1. Van Kleeck, L. W., ‘‘Removing Raw 
Sludge from Primary Settling Tanks,’’ 
Waste Eng., 27, 5, 220 (1956). 
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TIPS AND QUIPS 


Coin Collector 


An Associated Press story originat- 
ing in Baltimore, Md., tells of a city 
policeman who could hardly believe 
his eyes as he watched a manhole cover 
move upward and a_ self-styled coin 
collector emerge 

The subterranean prospector admits 
to finding, over a period of time, nearly 
$800 with equipment consisting of two 
flashlights and big pockets. For good 


pickin’, presumably, there is nothing 
better than a heavy shower, and there 
is strong evidence that all rain storms 
in Baltimore can be classified as five- 
dollar storms, ten-dollar storms, twen- 
tv-dollar storms, ete Up to now, a 
twenty-dollar storm seems to be tops, 
but there is usually a jewelry bonus of 
unreported value. 

At the moment, the city itself seems 
to have turned to picking—picking the 

for 
that 


coin picker’s brain, that is, more 


details on his statement some 


sewers are in bad condition 


Florida’s Best Plants 
winners in 


The 


awards 


annual 
for the best operated 
treatment plants are : Southwest Orange 
County, North Palm Beach, Westwood 
Coral City, Clearwater, Fer- 
and St. Petersburg. 
Each award represents a separate plant 
and the 

Federation 


Florida’s 
eonutest 


Lake, 
nandina Beach, 
classification presentations 
were Past-Presi- 


dent 


made by 
Dave Lee. 


Space Saver 
J. D. Wittenmyer, vice-president of 
Huber Utilities, Dayton, Ohio, 
writing in Buckeye Sludge, the news- 
letter of the Ohio Conference, describes 


Ine., 


a solution to a sludge-handling prob- 
lem. 

Sludge in two 25-ft diam final set- 
tling tanks was being 


not scraped 


to the hopper. The scraper plowed 
through the sludge all right, but it 


didn’t move the sludge. Sometimes as 


Pw 


Operators of Florida’s best-operated plants. L. to r.: D. Joe Raye, 


Clearwater; Walt Kelly, 


North Palm Beach; Thomas Wagner and 


Kinsley Jones, St. Petersburg; and David B. Lee. 


— 
¢ 
| 
| 
is 
- 


Vol. 32, No. 10 


TIPS AND QUIPS 


1151 


much as 3 ft of sludge remained on 
the tank bottom. Fillets were put in 
the hopper; they helped, but they 
didn't solve the problem. 

Finally, an attempt was made to 
move sludge via a direct pump connec- 
tion to the sludge drawoff line. The 
drawoff lines are 6 in. in and 
were tele- 
After 
the pump connection was made, it was 
found that better results were obtained 
when only one tank was used.  AI- 
though the sludge had good settling 
characteristics, it could not 
at velocities less than 1 fps. 

In a further attempt at solution, the 
telescopic valves were removed and a 
4-in., hydraulically operated, three-way 
valve was installed between the sludge 
drawoft lines from the two tanks and 
the common port connected directly to 
the sludge pump. The valve is posi- 
tioned through means of a _ solenoid 
valve which is clock operated. 

Experience has shown that a 6-min 
cycle will remove all the sludge from 
the final tank. Previously, 180,000 
gpd of sludge was pumped to the head 
of the plant. Now only 36,000 gpd is 
returned. The net saving is 144,000 
gpd or capacity enough for 500 addi- 
tional houses. 


diam 
originally to a 
scopic valve in the sludge pit. 


connected 


be moved 


Fish-Kill Case Settled * 


Litigation between the Virginia State 
Water Control Board and American 
Viscose Corporation, Front Royal, Va., 
has been settled. The Corporation 
agreed to pay to the Board $30,000 in 
full and complete settlement of the 
elaim asserted by the Board. The suit 
was filed July 7, 1959, and involved 
differences as to responsibility for fish 
killed in the Shenandoah River in the 
months of December 1958, and Janu- 
ary and February 1959. The Water 


* From the Conduit, newsletter of the Vir- 
Industrial Wastes and Sewage Works 
\ssociation, 


ginia 


Control Board claimed that 500,000 
fish of different species were killed, 
and the assessment of $154,777 by the 
Board against the American Viscose 
Corporation was based upon the quan- 
tity, species, and size of fish killed. In 
the suit filed by the Board, the Board 
sought to recover damages in the 
amount of $154,777. The Corporation 
denied liability for the fish killed dur- 
ing the period in question. 

The American Viscose Corporation 
has stated that in preparation for trial 
of the case, it was necessary to employ 
experts to make protracted studies of 
a technical nature which would add to 
the normal costs incident to litigation 
of this character. For these reasons 
the Corporation was prompted to settle 
the case because of the anticipated de- 
lay and expense of the litigation. 

The proceeds from the settlement 
will be used by the State Commission 
of Game and Inland Fisheries to re- 
stock the Shenandoah River with game 
fish as soon as practicable and feasible. 
' The Water Control Board states that 
this amount will cover the cost of re- 
stocking the Shenandoah River with 
the same number of game fish, ie., 
bass, bream, and blue gill, that were 
killed. The difference in the amount 
sued for and the amount of the settle- 
ment is represented by the estimated 
value of $74,000 placed upon non-game 
fish, i.e., catfish, suckers, and carp 
killed, and the difference between the 
cost of restocking the river with game 
fish from the state fish hatcheries and 
restocking with fish purchased from 
privately owned hatcheries. 

The state has no facilities for nor 
does it customarily stock or restock any 
streams with non-game fish. The state 
fish hatcheries can produce and grow 
game fish at a cost approximately one- 
half as great as the price charged by 
private fish hatcheries. In the opinion 
of the State authorities, the Shenan- 
doah River will restock itself naturally 
with non-game fish within a relatively 
short period of time. 


| 
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News and Notes 


Of Persons and Activities in the Wastewater Field 


Ross E. McKinney has resigned from 
the teaching staff at the Massachusetts In- 
stitute of Technology to accept the position 
Civil 
University of Kansas at Lawrence, Kansas. 


of Professor of Engineering at the 
His principal duties will include the diree- 
tion of research in the new University of 
Kansas Environmental Health Center, now 
under construction. 

Max Levine, recently Chief 
ot the Laboratories of the 
Ilawaii State Department of Health, was 
awarded an Doctor of 


by the University of 


retired as 
Bureau of 

honorary Science 
Hawaii. He 
“Committee of 100” who 
with the formation of the 


degree 
was one of the 
was credited 
Federation. 

Walter S. Baver, Division Engineer in 
Charge, Division of Sewers for the City of 
Newark, New Jersey, died recently. 

Frank A. Marston, senior partner in the 
Boston engineering firm of Metcalf and 
Eddy, received the honorary degree of Doe- 
tor of Engineering from Worcester Poly 
technic Institute. He is the 
dent of ASCE. 

Francis B. Elder, Engineering Associ 
ate on the staff of the Publie 
Health Association, has received the 1958 
Western Hemisphere Award of the USA 
Section of the Inter-American 
of Sanitary Engineering. 

C. S. Boruff, Technical Director of 
Hiram Walker and Sons, is a newly ap- 
pointed member of the Federal Water Pol 
lution Control 


eurrent Presi 


American 


Association 


Advisory Board, which is a 
nine-member group appointed by the Presi- 
dent to advise the Surgeon General of the 
Public Health Service on problems in water 
pollution. 

Lindsey Engineering Co. has moved to 
5101 West Fiftieth Street, Minneapolis 24, 
Minn. 

Chester A. Lydecker, Executive Diree 
tor, and Sol Seid, Chief Engineer, Middle- 
sex County Sewerage Authority, have been 
appointed members of the New Jersey 
State Advisory Committee on Sewage Dis- 
posal. 

George F. Fynn, Superintendent of the 
Buffalo Sewer Authority treatment plant, 
died recently. 
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H. Dalton Tomlinson, formerly Prin- 
cipal Sanitary Engineer of the Kentucky 
Water Pollution Control Commission, is 
now Professor of Sanitary Engineering at 
Washington University in St. Louis, Mo. 

O. C. Hopkins has been appointed 
deputy chief of the Public Health Service 
Division of Water Supply and Pollutuion 
Control in Washington, D. C. He sueceeds 
Arve H. Dahl, who was assigned to the 
Industrial College of the Armed Forees in 
Washington. 

M. C. Rand has joined the faculty of the 
Civil Engineering Department of Syracuse 
University as Associate Professor in the 
graduate and research programs in Sani 
tary Engineering. sefore assuming his 
Chief Chemist of the 
Middlesex County Sewerage Authority in 
Sayreville, New Jersey. 

Osmo A. P. Makkonen, of 
Finland, died recently. 

W. F. Welsch, Sanitary Engineer for 
the Nassau County Department of Public 
Works, New York, retired this past sum 
mer. 

P. H. McGauhey, Director of the Uni 


versity of California’s Sanitary Engineer- 


new duties he was 


Helsinki, 


ing Research Laboratory, has been ap- 
pointed to the Sanitary Engineering Ad- 
visory Committee of the California State 
Department of Publie Health. 

N. M. deJarnette, formerly with the 
Georgia Department of Publie Health, is 
now associated with Robert and Company 
Associates in Atlanta, Ga. 

Wallace & Tiernan Inc., Belleville, New 
Jersey, and the R. J. Strasenburgh Com- 
pany, pharmaceutical manufacturer of 
Rochester, New York, recently announced 
an agreement of consolidation and merger. 

Frank N. Thomson, Regional Engineer 
for the New York State Department of 
Health in Syracuse, died recently. 

W. T. Blackman, Sr., Superintendent of 
the sewage treatment plant in Murfrees- 
boro, Tennessee, died recently. He was the 
1958 winner of the Hatfield Award. 

C. Franklin Steiner has been appointed 
district sales engineer for the Pacifie North- 
west for Process Engineers, Ine., division 
of the Eimco Corporation. 
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. CURTAIN OF FLAME’ 
NSURES POSITIVE IGNITION 


Varec eliminates ignition problems with its new, flare type 
Fig. No. 239 Waste Gas Burner. The burner’s unique “cur- 
tain of flame” provides dependable ignition no matter how 
variable the flow of gas through the burner. There is no 
loss of pilot flame due to down draft. 


Other outstanding features of the new unit include its high 
burning capacity...an adjustable shutter on the air mix 
chamber that regulates draft...ahigh pedestal, packed with 
insulation to prevent freezing...and rugged construction, 
with all parts made of steel, stainless steel or heat-resistant 
cast iron. For critical service, sensing and ignition elec- 
trodes are available for remote or automatic pilot control. 


For full information on the Varec Waste Gas Burner—or 


Varec’s complete line of advanced design gas control equip- 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street * Compton, California 


Branches and Representatives in Principal Cities 
TRADE Mate 


545 
VAREGs/i% 
: 
: ment, write for Catalog S-4, Dept. JWP-1222-2 
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KEY 
to 
37,000 JOURNAL Pages 

in 
Two Short Volumes 


TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 


important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject, and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders to the Federation office; convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 


WATER POLLUTION CONTROL FEDERATION 
R435 Wisconsin Avenue Washington 16, D.C. 


5 
‘ 

Need ‘ 


JOURNAL WPCF 


R TY 


MANUAL 


M.O.P. 7-SEWER MAINTENANCE 


complete coverage for protecting 
a $15 billion investment 


a first in the field 
64 pages 
68 references 
$1.00 to members; $1.50 to others 


see coupon on p. 549a 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue 


Washington 16, D.C. 
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ARIZONA SEWAGE & WATER 
WORKS ASSOCIATION 


The Arizona Sewage & Water Works 
Association, member association of the 
Water Pollution Control Federation, 
and the Arizona Section, AWWA, held 
its annual conference on Apr. 28-30, 
1960, at the Pioneer Hotel in Tueson. 
There 280 who 
ladies. 


were registered, in- 


eluding 53 

On Thursday evening at the associa- 
tion dinner, Mr. Byrl Phelps acted as 
master of ceremonies. 
Arizona 


There were 16 
Sewage & Water Works As- 


JOURNAL 


Proceedings of Member Associations 


WPCF 


age works fields: John A. Carollo, Phil 
J. Martin, Guy A. Rhoads, Dario 
Travaini, and Harold Yost. 

There were two speakers at the Fri- 
day Luncheon, Gov. Paul Fannin and 
Ralph E. Fuhrman, Executive Secre- 
tary of the Water Pollution Control 
Federation. 

Governor Fannin paid compliment 
to the Arizona Sewage & Water Works 
Association and the members indi- 
vidually and collectively for their con- 
tribution of knowledge, time, and effort 
toward assuring an adequate supply of 
pure water and the safe disposal of 


Officers of the Arizona Sewage & Water Works Association: standing, 
1. to r., A. D. Cox, Jr., Secretary-Treasurer; R. E. Polenske, President; 
Stanford I. Roth, lst Vice-President; seated, 1. to r.. H. E. Bigglestone, 
Past President; Milford E. Devine, 2nd Vice-President. 


sociation ‘‘Sewage Safety Awards of 
Merit’’ 
towns 


conferred on various cities and 


for progress during 1959 in 


improving and/or initiating safety 
programs. A signal honor was con- 
ferred upon five members of the as- 


sociation by the University of Arizona 
by presentation to each of the follow- 
ing, a medallion for their individual 
contributions to the water and/or sew- 


sewage and industrial wastes both in 
the past and for the future. 

E. O’Neal Dye, Superintendent, 
Tueson sewage treatment plant, was the 
recipient of the Hatfield Award. His 
citation read: ‘‘To E. O’Neal Dye, 
the William D. Hatfield Award for his 
extraordinarily complete records con- 


(Continued on page 551a) 
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‘WPCF publications 


Safety in Wastewater Works 


Contains information on hazards, acci- 
dent statistics, rescue methods, safe prac- 


tices, and equipment. 56 pages. $0.75 
to members; $1.50 to others. Order as 
Item MOP-1.* 


Utilization of Sewage Sludge as 
Fertilizer 


An authoritative evaluation of advan- 
tages and limitations of sludge as a soil 


conditioner. 120 pages. $0.75 to mem- 
bers; $1.25 to others. Order as Item 
MOP-2.* 


Chlorination of Sewage and In- 
dustrial Wastes 


Reviews history, development, and up-to- 
date technique of chlorine application. 90 
pages. $1.00 to members; $1.25 to others. 
Order as MOP-4.* 


Air Diffusion in Sewage Works 


History and modern practice in design, 
installation, operation, and maintenance of 
diffuser systems and appurtenances. 75 
pages. $1.00 to members; $1.25 to others. 
Order as Item MOP-5.* 


Units of Expression for Wastes 
and Waste Treatment 


Lists of recommended units for quantities 
ordinarily encountered in wastes and waste 
treatment. 8 pages. $0.25 to members; 
$0.50 to others. Order as Item MOP-6.* 


Sewer Maintenance 


A guide for maintaining a municipal or 
industrial drainage system in serviceable 
condition. 64 pages. $1.00 to members; 
$1.50 to others. Order as Item MOP-7.* 


Water Pollution Control Federation 
BR35 Wisconsin Avenue, Washington 16, D. C. 


Sewage Treatment Plant Design 
Prepared jointly by the Federation and 
ASCE. Detailed presentation of the sub- 


ject. 375 pages. $3.50 to members; $7.00 
to others. Order as Item MOP-8.* 


Design and Construction of 
Sanitary and Storm Sewers 


Prepared jointly by the Federation and 
ASCE. Detailed presentation of the sub- 
ject. 283 pages. $3.50 to members; $7.00 
to others. Order gs Item MOP-9.* 


Twenty-Year Index to Sewage 
Works Journal 


Covers Sewage Works Journal, 1928- 
1948. Author, subject, and geographic. 
144 pages. Buckram bound, $3.00. Order 
as Item Dex-20. 


Ten-Year Index to Sewage and 
Industrial Wastes 


Covers Sewage ond Industrial Wastes, 
1949-1958. Author, subject, and geo- 
graphic. 168 pages. Buckram, $4.00; heavy 
paper, $3.00. Order as Item Dex-10. 


Glossary—Water and Sewage 
Control Engineering 


Prepared jointly by the Federation, ASCE, 
AWWA, and APHA. 2,600 terms per- 
taining to nomenclature. 274 pages. 
$1.00. Order as Item Gl. 


Binder 


Multiple wire, 2-in. capacity, for all 
MOP’s listed except 8 and 9. $2.00. 
Order as Item Bi.* 


* Discount of 15% on orders for 12 or 
more of any one manual. 


_Item__| Copies | 


Item x Copies 


Cost I Item 
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Portland Cement 
Vulcan Material 


Assn 

Co 
Products 
Pressure 


Concrete Pipe 
American Concrete 

A sn 
American-Marietta C¢ 
Gray Concrete Pipe Cx 
Industrial Materials Cx 
Lock Joint Pipe Ce 
National Sewer Pipe Ltd 
Portland Cement Assn 
Price Bros. Ce 
Vulcan Materials Co 


Pipe 
, Inc 
(Canada) 
Construction Equipment 

Chain Belt Co 


Eimco Corp 
Worthington Corp. 


| 

et. | Infilco I : 
leff ( 
ee | | e & Co 
| Engr. Corp 
of 

| 
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cerning the Tucson sewage treatment 
plant.’’ 

Art F. Vondrick, Utilities Engi 
neer, Water and Sewage Department, 
city of Phoenix, was the recipient of 
the Bedell Award. Art’s citation read: 
“To Arthur F. Vondrick, the Arthur 
Sidney Bedell Award for his outstand- 
ing work within the member associa- 
tion, Arizona Sewage & Water Works 
Association. ”’ 

Papers presented during the confer- 
ence included: 


**Space Sanitation,’’ by Miss Franki 
Laurel Van Der Wal, Member, Re- 
search & Development Division, Space 
Technology Laboratories, Ine., Los 
Angeles, Calif. 

‘*Operation and Maintenance Costs 
of Sanitary Sewers,’ by Art F. 
Vondrick, Utilities Engineer, Water & 
Sewage Department, Phoenix, Ariz. 

‘‘New Standards—Water and Sew- 
age,’’ by Dr. Karl Hirlinger, Field 
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Chemist, Arizona State Department of 
Health, Phoenix, Ariz. 

‘‘Settling Tank Maintenance at 
Ilyperion,’’ by Glenn W. Thwaytes, 
Mechanical Superintendent, Hyperion 
Treatment Plant, Los Angeles, Calif. 

‘**Tnstrumentation—Its Purpose and 
Results in the Water and Waste 
Field,’’ by Richard M. Day, Field En- 
gineer, Fischer & Porter Company, 
Anaheim, Calif. 

‘Urban vs. Rural Pollution Affecting 
Receiving Waters in Imperial Valley,”’ 
by Harvey F. Ludwig, President, En- 
gineering Sciences, Ine., Arcadia, 
Calif. 

‘Sand Removal by Liquid Cy- 
clones,’’ by William E. Budd, Man- 
ager, Sanitary Division Development 
Department, Dorr-Oliver Inec., Stam- 
ford, Conn. 

Officers elected at the annual busi- 
ness meeting were: 


(Continued on page 553a) 


the INCREDIBLE Torque-Flow pump 


Imagine any pump passing this bulky object (once an 
automobile muffler.) Yet the Torque-Flow Pump did it! Hard-to- 
pump materials that would stop any other pump are handled 
with ease. What will go in—will come out. Give your 

& pumping problem to the men of Wemco! 


= recessed impeller; continuous open passage 
reaso nl « (what will go in will come out) 


® a division of 
Western Machinery Company 
650 Fifth St., San Francisco, Calif. 


| 


Controls (also see Instr 
cording and Control) 

Builders-Providence Div 
dustries 

Burgess-Manning Co 
ments Div 

Chicago Pump Co 

Fischer & Porter Co 

Foxboro C 

General Electric Co 

Homestead Valve & Meter Co 

Infilco Inc 


B-I-F In 


Fenn Instru 


Minneapolis-Honeywell Regulator Co., 


Brown Instruments Div 
Ohmart Corp 
Permutit Co., Div. of 

mutit Co. Inc 
Rockwell Mfg. C« 
Wallace & Tiernan Inc 
Westinghouse Electric Corp. 
Worthington Corp 


Conveyors 
American Well Works 
Chain Belt Co 
Chicago Pump Co. 
Jeffrey Mig. Co. 
Link-Belt Co. 

Stuart Corp 

Webster Mfg., Inc. 


Corrosion Protection 
Amercoat Corp 

Chicago Pump Co 
Corrosion Control Co., Inc 
Inertol Co., Inc 
Johns-Manville Sale 
Koppers Co., Inc 
Perry-Aus ten Mig. C 
Stebbins Engr. & Mfg. Co. 
Wallace & Tiernan Inc 


Corp. 


Couplings 
Link-Belt Co. 


Diffusers, Air (also see Aerators) 

Alpha Ltd. (Switze - and) 

American Well W 

Carborundum Co. 

Chicago Pump Co 

Dorr-Oliver Inc. 

Eimco Corp 

Infilco Inc 

Lakeside Engineering Corp 

Link-Belt 

Pacific Flush Tank Cx 

Penberthy Mfg Co., Div 
Eclipse Cx 

Walker Rene Equipment Inc 

Wemco Div., Western Machinery Co 

Zimmer & Frances 


of Buffalo 


Diffusers, Gas (al Aerators) 
American Well Work 

Carborundum 

Chicago Pump Co 

Eimco Corp 

Infilco Inc. 

Walker Process Equipment Inc 
Yeomans Brothers 


so see 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chicago Pump Co. 
Dorr-Oliver Inc 

Eimco Corp 

Gorman-Rupp Co. 

Hardinge Co., Inc. 

Infilco Inc 

Jeffrey Mig. Co 

Lakeside Engineering Corp. 
Link-Belt 

Pacific Flush Tank Co 

Smith & Loveless 

Vapor Recovery Systems Co 
Walker Process Equipment Inc 
Yeomans Brothers ( 

Zimmer & Francesc 


Distributors, Kotary 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Ci 


uments, Re- 


Pfaudier Per- 
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Dorr-Oliver 

Eimco Corp 

Infilco Inc 

Lakeside Engineering Corp 
Link-Belt Ce 

Pacific FI ush Tank Co 

Smith & Loveless 

Walker Process Equipment Inc 
Yeomans Brothers Co. 

Zimmer & Francescon 


Dryers 

Alpha Ltd (Switzerland) 
Combustion Engineering, Inc 
Fin orp 

Hardinge Co., Inc 
Komline-Sanderson Engr 
Link-Belt Co 

Nichols Engr. & Research Corp 
Stuart Corp 


Corp. 


Ejectors 
Komline-Sanderson Engr 
Smith & Loveless 
Tex-Vit Supply Co 
Yeomans Brothers Co 


Corp 


Engineers (see 
neers) 


Directory of Engi 


Engines (Sludge Gas and Pe- 
troleum Fuels) 

Climax Engine Mfg. Co 

Fairbanks, Morse & Co 

Waukesha Motor Co 

Worthington Corp 


Fans (also see Air 
Blowers, and Compressors) 

Chicago Pump Co 

Lakeside Engineering Corp 

Westinghouse Electric Corp 


Compressors, 


Filter Equipment, Trickling 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co. 
Dorr-Oliver Inc 
Dow Chemical Co 
Eimco Corp 
Filtration Equipment Corp. 

trial Materials Co 

» Inc 

Kens sbey & Mattison Co 
Komline-Sanderson Engr. Corp. 
Lakeside Engineering Corp 
Nichols Engr. & Research Corp 
Pacific Flus ank Co 
Smith & Loveless 
Trickling Filter Floor Inst. 
Walker Process Equipment Inc. 
Yeomans Brothers Co 
Zimmer & Francescon 


Filter Materials 
Carborundum Co 

Filtration Equipment Corp 
Glenn Chemical Co 

Graver Water Conditioning Co. 
Industrial Materials Co 
Johns-Manville Sales Corp 
Vulcan Materials Co 


Filters, Diatomaceous Earth 
Graver Water Conditioning Co 
Yeomans Brothers Co 


Filters, Vacuum (also see Vacuum 
Filters) 

Bird Machine Co. 

Dorr Inc 

Eimco Corp 

Proportioneers Div., B-I-F 

Floceculating Equipment 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co 

Chain Belt Co. 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co. 

Hardinge Co., Inc. 

Infilco Inc 


Industries | 


Jeffrey Mfg. Co. 

Lakeside Engineering Corp 
Link-Belt Co 

Stuart Corp. 

Walker Process Equipment Inc. 
Webster Mfg., Inc. 

Zimmer & Francescon 


Flotation Equipment 

Chain Belt Co. 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co. 
Komline-Sanderson Engr. Corp. 
Yeomans Brothers Co 


Flow Measurement 

Burgess-Manning Co., 
ments Div. 

Filtration Equipment Corp. 


Penn Instru- 


Gas Control Equipment 

Alpha Ltd. (Switzerland) 

Burgess-Manning Co., Penn Instru- 
ments Div 

Ralph B. Carter Co. 


Chicago Pump Co 
Dorr-Oliver Inc 


Homestead Valve Mfg. Co. 

Pacific Flush Tank Co. 

Rockwell Mfg. Co 

Vapor Recovery Systems Co. 

Walker Process Equipment Inc. 

Zimmer & Francescon 

Gas Diffusers (see Diffusers, Gas) 

Gas Holders, 
purtenances 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Johns-Manville Sales Corp. 

Pittsburgh-Des Moines Steel Co. 

Walker Process Equipment Inc. 


Boilers, and Ap- 


Gaskets 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co 


Gates 

Armco Drainage & Metal 
Inc 

Filtration Equipment Corp. 

Industrial Materials Co. 

Snow Gates & Valves, Inc. 

Webster Mfg., Inc. 


Products, 


Generators 

Climax Engine Mfg. Co. 

Fairbanks, Morse & Co. 

General Electric Co 

Westinghouse Electric Corp. 

Worthington Corp 

Grinders (also see Shredders and 
Grinders) 

Alpha Ltd. (Switzerland) 

American Well Works 

Chain Belt Co 

Dorr-Oliver Inc. 

Gruendler Crusher & Pulverizer Co 

Jeffrey Mig. Co. 

Yeomans Brothers Co 


Grit Collection and Condition- 
ing Equipment 

Alpha Ltd. (Switzerland) 

American Well Works 

Chain Belt Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Infilco Inc. 

Jeffrey Mig. Co. 

Link-Belt Co. 

Stuart Corp. 

Walker Process Equipment Inc. 

Webster Mfg., Inc. 

Zimmer & Francescon 
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l’resident: R. KE. Polenske, Phoenix. 

Ist Vice-President: Stanford I. Roth, 
Tueson. 

2nd Vice-President: 
vine, Tueson. 

Secretary-Treasurer: A. D. Cox, Jr., 
Phoenix. 


Milford E. De- 


A. D. Cox, JR. 
Secretary-Treasurer 


NEW ENGLAND SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


Spring Meeting 


The 1960 spring meeting of the 
New England Sewage and Industrial 
Wastes Association was held at the 
Sheraton-Kimball Hotel, Springfield, 
Mass., May 25-26, 1960. Total regis- 
tration included 155 members and 
guests, and 21 ladies. 

The technical program began with 
a joint session on ‘‘Temperature Re- 
quirements for Odor Destruction dur- 


wut CORPORATION 
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ing Incineration’’ by Clair N. Sawyer 
and Peter A. Kahn of Metcalf & Eddy. 
Following this paper, LeRoy W. Van 
Kleeck of Bowe, Albertson & Associ- 
ates spoke on the new Longmeadow, 
Mass., sewage treatment plant. 
Later, those attending divided into 
two groups. The designer’s section 
heard papers on: ‘‘ Private Sewage Dis- 
posal Needs’’ by J. Henry L. Giles, 
consulting engineer, and I. Laird 
Newell, President, Henry Souther En- 
gineering Co.; ‘‘ Volatile Acids by Di- 
rect Titration’’ by Orris E. Albertson, 
Dorr-Oliver Company, and Miss Rose- 
marie DiLallo, Chemist, New Rochelle, 
N. Y., sewage treatment plant; and 
‘*Analytic Toxicology of Industrial 
Effluents’’ by Mark M. Luckens, Con- 
necticut State Department of Health. 
The operators section heard papers 
on: ‘Sludge Line and Heat Exchanger 
Cleaning and Maintenance’’ by Robert 
W. Giddens, Assistant Superintendent, 


(Continued on page 555a) 


duce 
We Help INDUSTRY pro 
PURER PROCESS WATER 


We know we can help you with Coagu- 
lation, Softening, Iron and Manganese removal, 
Corrosive Water and Filtration. We have years of 
experience in this field, and our FEF F 

does an outstanding job in 
producing purer process water. And, of course 
we offer reliable technical assistance 


tell you about it 


Let us 


For complete list of our products see our inserts in 
Chemica! Week Buyers’ Guide, Pages 173-176 or 
Chemical Materials Catalog, Pages 551-554 


For Further Information, Write, Phone or Wire us 


— 
fr 
: 
he 
he 
| 
| 
q 
| 
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Grounds Maintenance 
ment and Supplies 
Homestead Valve Mfg. Co 


Heating Equipment for Diges- 
ters and Buildings 

Alpha Ltd. (Switzerland) 

Ralph B. Carter Co. 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp 

General Electric Co. 

Infilco Inc 

Link-Belt Co 

Pacific Flush Tank Co 

Walker Process Equipment Inc 


Incinerators 

Combustion Engineering, Inc. 

Morse Boulger, Inc 

Nichols Engr. & Research Corp 

Pittsburgh-Des Moines Steel Co 

Walker Process Equipment Inc 

Zimmerman Process Div. of Sterling 
Drug Inc 

Insect Control 

Glenn Chemical Co 

Leeco Chemical Co., Div. of Leeco 
Gas & Oil Co 

Inspection, Sewers 

Centriline Corp 

National Water Main Cleaning Co 

Instruments, 
Control (also see Controls and 
Recorders) 

Builders-Providence Div., B-I-F In- 
dustries 

Burgess-Manning Co., Penn Instru- 
ments Div 

Fischer & Porter Co. 

Fisher Scientific Co. 

Foxboro Co. 

General Electric Co. 

Hach Co 

Infilco Inc 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Ohmart Corp 

Rockwell Mig. Co 

Wallace & Tiernan Inc 

Westinghouse Electric Corp 


lon-Exchange Equipment 
Permutit Co., Div. of Pfaudler Per- 
mutit Inc 


Jointing Materials 


Equip- | 


Rec ording and | 


American Concrete Pressure Pipe | 


Assn 
Gray Concrete Pipe Co., Inc 
Keasbey & Mattison Co 
National Clay Pipe Mfrs., Inc 
National Sewer Pipe Ltd. (Canada) 
Perry-Austen Mig. C 
Robinson Clay Product Co 
Stebbins Engr. & Mig. C 
Wedge-Lock Clay Pipe Mfrs 
Joints, Mechanical 
American Cast Iron Pipe C 
Johns-Manville Sales Corp 
National Sewer Pipe Ltd (Canada) 
Robinson Clay Product Co 
Smith-Blair, Inc 
& Foundry Cc 
Wedge-Lock Clay Pipe Mfrs 


Laboratory 
Supplies 

Filtration Equipment Corp 

Fisher Scientific Co. 

General Chemical Div., 
ical Corp 

Hach Co 

Stuart Corp. 

Lift Stations 

Davco Corp. 

Smith & Loveless 

Tex-Vit Supply Co 

Lighting Fixtures 

Westinghouse Electric Corp 

Lubricants 

Homestead Valve Mig. Co 

Johns-Manville Sales Corp 


Equipment and 


Allied Chem- 
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Lumber 
Vulcan Materials Co 


Manhole and Inlet Castings 
American-Marietta Co 

apor Recovery Systems Co 
Vulcan Materials Co 


Masonry Building Materials 
American-Marietta Co 

Portland Cement Assn 

Price Bros. Co 

Vulcan Materials Co 


Meter Boxes 
Johns-Manville Sales Corp. 


Meters (Sewage, Sludge, Water, 
Air, and Gas) 

Builders-Providence Div., B-I-F In- 
dustries 

Burgess-Manning Co., Penn Instru- 
ments Div 

Ralph B. Carter Co. 

Filtration Equipment Corp 

Foxboro Co 

Infilco Inc 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Rockwell Mfg. Co 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Simplex Valve and Meter Co. 

Worthington Corp 


Mixing Devices 

Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chain Belt Co 

Dorr-Oliver Inc 

Eimco Corp 

Infilco Inc 

Jeffrey Mfg. Co 

Walker Process Equipment Inc. 
Wemco Div., Western Machinery Co 


Motors 

Chicago Pump Co 
Fairbanks, Morse & Co. 
General Electric Co 
Link-Belt Co 

Westinghouse Electric Corp. 
Worthington Corp 


Odor Control Materials 
Airkem Inc 

Florasynth Laboratories, Inc 
Tennessee Corp 

Wallace & Tiernan Inc. 


Odor Counteractants 
Airkem Inc. 


Package Treatment 
Chain Belt Co 
Chicago Pump Co. 
Dorr-Oliver Inc 

Infilco Inc 

Municipal Service Co. 
Smith & Loveless 
Yeomans Brothers Co. 


Packing 
Johns-Manville Sales Corp 
Keasbey & Mattison Co 


Paints and Protective Coatings 
Amercoat Comp 

Inertol Co., Inc 
Koppe st Inc 

Perry i ten Mig. Co 
Smith & Loveless 

Stebbins Engr. & Mfg. Co. 


Pipe, Asbestos Cement 
Industrial Materials Co 
Johns-Manville Sales Corp 
Keasbey & Mattison Co. 


Pipe, Cast Iron 

American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 
Industrial Materials Co 

U. S. Pipe & Foundry Co. 

R. D. Wood Co 


Pipe, Clay 

Industrial Materials Co 

National Clay Pipe Mfrs., Inc 
National Sewer Pipe Ltd. (Canada) 
Robinson Clay Product Co 
Wedge-Lock Clay Pipe Mfrs 


Pipe Cleaning 

Centriline Corp 

Flexible Inc 

Homestead Valve Mfg. Co 
National Water Main Cleaning Co 
W. H. Stewart, Inc 


Pipe Coatings and Linings 
Amercoat Corp 

American Pipe & Construction Co 
Centriline Corp 

Koppers Co., Inc 

National Water Main Cleaning Co 
Perry-Austen Mfg. Co 

Stebbins Engr. & Mfg. Co 

Vulcan Materials Co 


Pipe, Concrete 

American Concrete Pressure Pipe 
A n 

American-Marietta Co 

American Pipe & Construction Co. 

Gray Concrete Pipe Co., Inc 

Lock Joint Pipe Co. 

National Sewer Pipe Ltd. (Canada) 

Portland Cement Assn 

Price Bros. Co 

Vulcan Materials Co. 

Pipe, Fiber 

Sonoco Products Co 

Pipe Fittings 

Amer ican Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn 

Kea sbey & Mattison Co 

ial Sewer Pipe Ltd. (Canada) 

Pric e Br Ce 

Robinson C Product 

Smith-Blair, Inc 

U. S. Pipe & Foundry Co 

Wedge-Lock Clay Pipe Mfrs 

R. D. Wood Co 

Pipe Jointing Materials (see 
Jointing Materials) 

Pipe, Plastic 

Amerco Co rp 

Evanite Plastic Co. 


Pipe, Repairs 
Centriline Corp 
Smith-Blair, Inc 


Pipe, Steel 
American Pipe & Construction Co 
Armco Drainage & Metal Products, 


Inc 
Keasbey & Mattison Co 


Plastic Pipe Products 
Amercoat Corp 

Evanite Plastic Co 
Keasbey & Mattison Co 


Publications 

American City Magazine 

Engineering News-Record 

Liverpool University Press (England) 
Public Works Magazine 

Wastes Engineering 

Water & Sewage Works 

John Wiley & Sons, Inc. 


Pump Controls 

Builders-Providence Div., 
dustrie 

Burgess-Manning Co., Penn Instru- 
ments Div 

Chicago Pump Co 

Fischer & Porter Co 

Foxboro Co 

General Electric Co 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Rockwell Mig. Co 

Smith & Loveless 

Tex-Vit Supply Co. 

Westinghouse Electric Corp 

Worthington Corp 

Zimmer & Francescon 


B-I-F In- 


| 
| 
— 
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Nut Island treatment plant, 
Boston, Mass.; ‘*Electrie Motor and 
Control Maintenance’? by W. IL. 
Brackett, W. 


sewage Association was held in conjunction 
with the Kansas Section of the Ameri- 
can Water Works Association at the 


Il. Brackett Company; Broadview Hotel, Emporia, Kans., on 


and “‘Installation, Maintenance and April 20-22, 1960. Registration for 
Operation of Sluice Gates’? by Roy the meeting totaled 213, including 25 
Soderberg, Superintendent of Field — ladies. 


Services, Rodney Hunt Machine Com- 
pany. 
The spring meeting luncheon was at- 


Sewerage practice held the limelight 
at the technical sessions. Among the 
papers were these: 


tended by 141 members and guests. 
Following it, inspection trips were Relationship of the City, the Con- 


sulting Engineer, and the Contractor 
on Utility Construction Projects,” 
panel discussion. 

‘*Problems Confronting the Consult- 
ing Engineer in Designing New In- 
provements for a Municipality,’’ by 
O. O. Ediger, Ediger Engineering Co., 
Wichita, Kans. 

‘‘Four Parties and a Maintenance 
Clause,’’ by J. H. Holloway, Salina 
Supply Co., Salina, Kans. 


made to the Longmeadow sewage treat- 
ment plant and the Springfield main 
sewage treatment plant at 
Island, Mass. 


Bondi 


R. Howarp 
Secretary-Treasurer 


KANSAS SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 15th Annual Meeting of the 
Kansas Sewage and Industrial Wastes 


(Continued on page 557a) 


INCREASED EFFICIENCY FOR MEASURING OF FLOW 


with 


Completely Meu TRANSMITTER INDICATOR 


The addition of a completely new 
design Burgess-Manning Transmitter 
Indicator for the Burgess-Manning 
Type “ML" Meter (measuring of flow 
through Parshall flumes) and the Type 
“MN” Meter (measuring of flow 
through Open Flow Nozzles) has 
increased the overall efficiency and 
versatility of these two outstanding 
Meters for the accurate measurement 
of flow. 

Now ...ata glance... you get 
a “visual answer” for direct indica- 
tion of flow at point of measurement 
...data essential to many plant 
operations. 

The. Burgess-Manning Transmitter 
Indicator consists of a standard 6-inch 
pressure gauge case of cast iron 
weatherproof construction, with self- 


BURGESS-MANNING COMPANY 


Penn Instruments Division 


4122 Haverford Avenue ®@ Philadelphia 4, Pa. 


centering plug on a light rod or 
tubing, weight loaded to a contact 
core. 

The addition of the new Transmitter 
Indicator to the already outstanding 
Burgess-Manning Type “ML" and 
Type “MN” Meters for flow measure- 
ments not only provide meter installa- 
tion simplicity; new construction econ- 
omies; and minimum maintenance . . . 
but now furnishes first-hand data on 
indication of flow at point of meas- 
urement. 

Your Burgess-Manning represent- 
ative will tell you how the complete 
Burgess-Manning Type “ML” and 
“MN" Meters with Transmission Indi- 


cator will solve your “Indicator” 
requirements. Write for complete 
data. 


| 

| 

| — 
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Pumps, Airlift 
Daveo Corp 
Walker Process Equipment Inc 


Pumps, Chemical Feed 
Proportioneers Div., B-I-F Industrie 


Pumps, Gas 


Roots-Connersville Blower, 
Dresser Industries Inc 


Sutorbilt Corp 


Pumps, Grit 
Nagle Pumps, Inc 


Pumps, Sewage 


Alpha Ltd. (Swit 


American Well Work 


Aurora Pump Div The 


Air Brake Co 
Chicago Pump Co 
Daveo Corp 
Eimco Corp 
Fairbanks, Morse & Co 
Gorman-Rupp Co 
Infilco Inc 


Marlow Pumps, Div. of 


sett Co 
Smith & Loveless 
Sutorbilt Corp 
Wallace & Tiernan Inc 


Wemco Div., Western Machinery 


Worthington Corp 
Yeomans Brothers Co 
Zimmer & Francescon 


Pumps, Sludge 


Alpha Ltd. (Switzerland) 


American Well Works 


Aurora Pump Div., The 


Air Brake Co 
Ralph B. Carter Co 
Chicago Pump Co 
Dorr-Oliver Inc 
Fimco Corp 
Fairbanks, Morse & Co 
Gorman-Rupp Co 
Hardinge Co., Inc 
Infileo Inc 


Komline-Sanderson Engr 
Marlow Pumps, Div. of 


sett Co 
Nagle Pumps, Inc 
Sutorbilt Corp 
Wallace & Tiernan In 


Wemco Div., Western Machinery 


Worthington Corp 
Yeomans Brothers ¢ 
Zimmer & Frances: 


Pumps, Vacuum 


Roots-Connersville Blower, 
Dresser Industries Inc 


Sutorbilt Corp 


Pumps, Water 
American Well Works 


Aurora Pump Div The 


Air Brake Co 
Ralph B. Carter 
Chain Belt Cc 
Chicago Pump Co. 
Eimco Corp 
Fairbanks, Morse & Co 
Gorman-Rupp C« 


Marlow Pumps, Div. of 


sett Co 
Wallace & Tiernan Inc 
Worthington Corp 
Yeomans Brothers Cc 
Zimmer & Francesc« 


Radiation Monitoring 


ment 


Westinghouse Electric Corp 


Radios, Mobile 

General Electric Co 

Recorders (also see 
Recording, and Cx 


Builders-Providence Di 


dustries 
Burgess-Manning Cx 
ments Div 
Fischer & Porter Co. 
Fisher Scientific Co 
Foxboro Co 
General Electric Co 
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Minneapolis-Honeywell Regulator Co., | 


Brown Instruments Div 
Ohmart Corp 
Wallace & Tiernan Inc 


Refractory Building Materials 


Carborundum Cx 

Johns-Manville Sales Corp 
Robinson Clay Product Co 
Stebbins Engr. & Mfg. Co 


Safety Equipment 
Vapor Recovery Systems Co 


Sampling Equipment 
Chicago Pump 

Infilco Ine 

Lakeside Engineering Corp 


Sand, Gravel, and Stone 
Graver Water Conditioning Co 
Vulcan Materials Co 


Screening Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 
Chain Belt Co 

Chicago Pump Co 
Dorr-Oliver Inc 


Infilco Inc 


Walker Process Equipment Inc. 
Zimmer & Francescon 


Sedimentation Equipment (also | 


see Clarifier Equipment) 
Alpha Ltd (Switzerland) 
American Well Works 
Ralph B. Carter Co 
Chain Belt Co. 
Dorr-Oliver Inc 


Eimco Corp 

Graver bo ater Conditioning Co. 
Hardinge Co., Inc 

Infilce 


Je‘frey Mfg. Co 
Komline-Sanderson Engr. Corp. 
Lakeside Engineering Corp 
Link-Belt Co 

Walker Process Equipment Inc. 
Webster Mfg., Inc 

Yeomans Brothers C 


Sewer Cleaning Equipment 
Flexible Inc 

Homestead Valve Mfg. Cc 
National Water Main Cleaning Co 
W. H. Stewart, Inc 


Sewer Inspection (see Inspection, 


~ewers ) 


Shredders (also see Comminutors 


and Grinders) 
Alpha Ltd. (Switzerland) 
Chain Belt Co. 
Dorr-Oliver Inc 
Gruendler Crusher & Pulverizer Co. 
Jeffrey Mfg. Co 
Yeomans Brothers Co 


Siphons 

Alpha Ltd 
American Well Works 
Ralph B. Carter Ne 0 

Eimco Corp 

Infileo Inc 

Lakeside Engineering Corp. 
Pacific Flush Tank Co 
Yeomans Brothers Co 
Sludge c oncentrators 
Eimco Ce 

Nichols “ad & Research Corp 


Sludge Flotation Equipment (s¢¢ 


Flotation Equipment} 


Sludge Handling and Control 
Chain Belt Co 
Dorr-Oliver Inc 


Nichols Engr. & Research Corp 
Walker Process Equipment Inc 


Zimmerman Process Div. of Sterling 
Drug Inc 


Sludge Removal Equipment 

Jeffrey Mig. Co 

Link-Belt Co 

Webster Mfg., Inc 

Zimmerman Process Div. of Sterling 
Drug Inc 


Sludge Shredders 

Alpha Ltd. (Switzerland) 
Gruendler Crusher & Pulverizer Co. 
Jeffrey Mfg. Co 

Sprockets 

Chain Belt Co. 

Link-Belt Cx 

Webster Mfg., Inc. 


Steel Pipe Products 
Armco Drainage & Metal Products, 
Inc 


Structural Metal 
Alpha Ltd. (Switzerland) 


Switchgears 

Alpha Ltd. (Switzerland) 
General Electric Co 
Westinghouse Electric Corp 
Worthington Corp 


Tanks 

Chain Belt Co 

Link-Belt Co. 

Pittsburgh-Des Moines Steel Co. 
Preload Co., Inc 

Stebbins Engr. & Mfg. Co. 


Tools 
Flexible Inc 


Transformers 

Alpha Ltd. (Switzerland) 
General Electric Co 
Westinghouse Electric Corp 


Trickling Filter Equipment (see 
Filter Equipment, Filter) 


Trucks and Tractors 
Eimco Corp 


Turbines 
Worthington Corp 


Vacuum Filters (also see Filters, 
icuum) 

Bird Machine Co 

Dorr-Oliver Inc 

Eimco Corp 

Komline-Sanderson Engr. Corp 

Proportioneers Div., B-I-F Industries 


Valves and Gates 
wee Drainage & Metal Products, 


Builders-Providence Div., B-I-F In- 
dustries 

Chapman Valve Mig. Cx 

DeZurik Corp 

Filtration Equipment Corp 

Homestead Valve Mfg. Co 

Indus trial Materials Co 

Iowa alve Co 

Mueller Co 

Rockwell Mfg. Co 

toots-Connersville Blower, Div. of 
Dresser Industries Inc 

Simplex Valve and pewter Co 

4. P. Smith Mfg. C 

Snow Gates & Valves, Inc 

Westinghouse Electric Corp 

W-K-M_ Division, ACF Industries, 


Inc 
R. D. Wood Co 
Yeomans Brothers Co 


Vessels (see Tanks) 


Weighing Devices 

Builders-Providence Div., B-I-F In- 
dustries 

Fairbanks, Morse & Co 

Fisher Scientific Co 

Wallace & Tiernan Inc 
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‘‘A Study of Storm Water in Sani- 
tary Sewers,’’ by L. W. Weller, Black 
& Veatch, Kansas City, Mo., and My- 
ron Nelson, Chief Engineer, Mission 
Township Main Sewer District, Mis- 
sion, Kans. 

‘“Experiences at Our New Sewage 
Treatment Plant,’’ by Leonard 
seyer, Superintendent, Sewage Treat- 
ment, Hutchinson, Kans. 

‘*Sewer Construction Practices,’’ by 
F. G. Writer, Clay Products Associa- 
tion, Topeka, Kans. 

“Sludge Handling and Disposal,’’ 
panel discussion. 

‘Digester Gas Systems,’’ by Mel- 
ville Gray, Kansas Board of Health, 
Salina, Kans. 

‘*Maintenance of Electrical Equip- 
ment,’’ by Leland Talbot, Superin- 
tendent of Maintenance, Sewage 
Treatment Plant, Wichita, Kans. 

‘Status of Retirement Program for 
Public by F. D. Diehl, 
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Superintendent of Utilities, McPher- 
son, Kans. 


A field trip to the Emporia sewage 
treatment plant was conducted by Lee 
Stolfus, city engineer. Federation ac- 
tivities were discussed by Ray E. 
Lawrence, WPCF Vice-President. 

At the business meeting the Associ- 
ation’s name was changed to the 
Kansas Water Pollution Control <As- 
sociation. New officers for 1960-61 
are: 


Chairman: Harry Pfautz, Hesston. 
Ist Vice-Chairman: John Glidewell. 


Topeka. 

2nd Vice-Chairman: N. J. Burris, To- 
peka. 

Director: Carl Hodgkinson, Kansas 
City. 


Secretary-Treasurer: Howard F. Sai- 
ger, Wichita. 


Howarp F. Saicer 
Secretary-Treasurer 


SUBSCRIPTION 


YOUR OFFICE 


HOW LONG? 


SINCE YOU MENTIONED A JOURNAL 
- MEMBERSHIP 
TO SOMEONE IN 


YOUR ORGANIZATION 
YOUR COMMUNITY 
A NEIGHBORING COMMUNITY 


Your Member Association Secretary, listed on the third left-hand page of 
the JOURNAL, or the Federation office, will be glad to send an application 
form and supply any additional information. 
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STANDARD METHODS 


11th Epition 


NEW TITLE 


JOINTLY PRODUCED 


NEW COVERAGE 


ORDER NOW 


USE THIS COUPON 


DETAILED COVERAGE 


Standard Methods for the Examination of 


Water and Wastewater. 


wastewater. 


Special price of $8 to members of any of the 
three sponsoring organizations if prepaid; 


without remittance, $10. 


WATER 


POLLUTION CONTROL 


Publication: 


WASTEWATER, lith Edition. 


Enclosed is remittance for $ 


City 


Federation Member 


Associatior 


If an invoice is necessary, postage will be added 


Checks may be made payable to WPCF. 


American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


Laboratory manual and reference of more 
than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 


More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


FEDERATION 
4435 Wisconsin Avenue, Washington 16, 


STANDARD METHODS FOR THE 
EXAMINATION OF WATER AND 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 


Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 


Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 


Power Generation 


Civie Opera Building Chicago 


ANDERS 


N-NICHOLS 
ompany 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Hartford, Conn. Boston 14 


JOHN J. BAFFA 


Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 

Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers—Airport Design—Sewage Disposal 
Systems— Water Works Design and Operation—Surveys 
and Maps—City Planning— Highway Design—Construc- 
tion Surveys—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 166 Crystal Lake, Hlinols 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemical Analyses 


Amberst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 
Consulting Engineers 
G. 8. Bett C. G. Garrner J. K. Larnam 
J. W. Finney, Jr. 

Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


BENHAM 
ENGINEERING COMPANY 
Consulting Engineers 
215 N.E. 23rd Oklahoma City 
Established 1909 


BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 
Industrial Water 


Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


BLACK & VEATCH 
Consulting Engineers 
Sewage — Gas — Water — Electricity — Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 


Consultants 


CLINTON BoGEeR1 
DonaLD M. DITMARS 
CHARLES A. MANGANARO 


Works 


Water & Sewage 
Drainage 


Highways and Bridges 
145 East Sind Street, 


IvaN L. BoGert 
ROBERT A. LINCOLN 
WILLIAM MARTIN 


Incinerators 
Flood Control 
Airfields 


New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
75 West St. 1000 Farmington Ave. 
New York 6, N.Y. West Hartford 7, Conn 


BOYLE ENGINEERING 


Consulting Engineers 


Water 


~ Sewers — Streets 


Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Water and Sewage Works 
Industrial Waste Control and Treatment 


Laboratory Services 


508 TENTH STREET 


DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browne 8. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 


Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
Reports, Designs, Construction 
Supervision, Investigations, 
Laboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 


Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Puritication, 
Valuations and Reports 


Chemical and Biological Laboratories 


New York 3, N. Y. 


112 East 19th Street 


BURGESS & NIPLE 
Civil and Sanitary Engineers 


Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


4600 E. 63rd St. Trafficway 


Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street Boston 5, Mass. 


Take advantage of the services of these outstanding consultants! 
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CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


PROFESSIONAL 
SERVICES 


JOHN A. CAROLLO 


Consulting Engineers 
Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


3308 N. Third St. 2168 Shattuck Ave. 
Phoenix, Arizona Berkeley 4, Calif. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants-Incineration—Gas Systems 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, II. 


CRAWFORD, MURPHY G TILLY 
Consulting Engineers 
TRAFFIC PROBLEMS—SWIMMING POOLS SEWERS 
SEWAGE TREATMENT—WASTES TREATMENT 

WATER WORKS—RESERVOIRS—DRAINAGE 
FLOOD CONTROL—AIRPORTS--STREETS 

HIGHWAYS—EXPRESSWAYS—SURVEYS & REPORTS 

755 South Grand West Springfield, [linois 


Damon & Foster 


Consulting Civil Engineers and 
Survevors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


Sanitary and 


ROY B. EVERSON 


Sewage and industrial wastes treatment, city 
water purification, and complete swimming pool 
systems—Filtration Experience since 1400 
\ aluations —Reports— Research — Development 
207 W. Huron St., Chicago 10, Ill. 
SUperior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distribution—Incinerators 
Airports—Bridges—Express Highways— Port and 
Terminal Works—Industrial! Buildings 


11 Beacon Street Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 


CONSULTING ENGINEERS 


Water Supply, Water Treatment, 
Sewerage, Sewage Treatment, 
Industrial Waste Treatment 


2130 Madison Avenue Toledo 2, Ohio 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage ; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 


bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking— Appr . Investigations & Reports. 


HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


Consult these specialists for professional assistance! 
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PROFESSIONAL 
SERVICES 


» 

GIBBS & HILL, INC. 
Consulting Engineers 
Industrial and Municipal Waste Treatment 
Water Supply and Treatment 
Electric Power and Transmission 
Transportation and Communication 


PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
READING, PA. Washington 


New York 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage, Kefuse Disposal 


Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, lilinois 


HOWARD R. GREEN CO. 
Consulting Engineers 
Established 1913 


H. R. Green 


C. D. MuLLInex G. R. Hotcuxiss 

J. A. SAMPSON H. A. Miter 

G. C. AHRENS B. W. Grirrita 
Wat Sewer 


& Industrial Waste 
Industrial Project 


ater ruge 
Public Works & 


Green Engineering Building Cedar Rapids, lowa 


L. B. GRIFFITH 


CONSULTING ENGINEER 


Research, Reports and Designs on Sew- 
age and Industrial Waste Treatment. 


450 West Broad St. Falls Church, Va. 


HASKINS, RIDDLE & SHARP 


Consulting Engineers 


Water—Sewage & Industrial Wastes— Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


HAVENS AND EMERSON 


A. A. Burger H. H. Moseley 


J. W. Avery F. S. Palocsay 
E. S. Ordway G. H. Abplanalp 
A. M. Mock S. H. Sutton 


Frank (¢ lolles, Consultant 
Consulting Engineers 

WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 

Leader Bldg. Woolworth Bidg. 

Cleveland 14, O. New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarnp Hazen W. Sawyer 
H. Hupson, Jr 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 
360 Lexington Ave., 


New York 17, N. ¥. 


ANGUS D. HENDERSON 
Consulting Engineers 


Ancus D. HENDERSON Tuomas J. Casey 


Water Supply and Sanitation 


330 Winthrop St., Westbury, New York 
355 Knollwood Ave., Douglaston, L. I., New York 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Re ts, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. Bross V. C. Liscuer 


Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 

Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


Take advantage 


of the services of these outstanding consultants! 
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George E. Hubbell Albert Roth Homer W. Clark 
Theodore G. Biehl George 8. Roth James W. Hubbell 


HUBBELL, ROTH & CLARK, INc. 
Consulting Engineers 


Sewage and Industrial Waste Treatment 
Sewerage and Drainage Systems 


954 N. Hunter Blvd. 


Birmingham, Michigan 


PROFESSIONAL 
SERVICES 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 


SEWAGE AND WATER WORKS 


HUDSON -RUMSEY INC. 


Professional Engineers 


1679 Niagara St. 


Buffalo 7, N. Y. 


WILLIAM T. INGRAM 
Consulting Engineer 
Sanitary and Public Health Engineering 
Planning—Design—Research—Water 
Sewage—Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 
Offices: 

West Coast 
90 Panoramic Way 
Walnut Creek, Calif. 


East Coast 
20 Point Crescent 
Whitestone 57, N.Y. 


The Jennings-Lawrence Co. 


Civil and Municipal Engineers 


1392 King Ave. 


Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 


Consulting Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Ave. Toledo 6, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 


E. B. 


1080 Atlantic Ave. 


BESSELIEVRE, MGR. 


STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 


Toledo 1, Ohio 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 


Investigations, Reports, Design 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 
Tacoma 


Los Angeles Salt Lake City 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. 


Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 


Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, 


Designs, 


Supervision 


Of Construction and Operation 
Chemical & Biological Laboratory 


1100 South Broad St. 


Trenton, N. J. 


It pays to secure competent and experienced professional advice! 
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LOCKWOOD, KESSLER & BARTLETT, INC. 
PROFESSIONAL CONSULTING ENGINEERS 


Water, Sewage, Industrial Wastes, Incinerators, 
- Water Pollution Studies, Municipal Engineering, 
SERVIC ES Aerial Mapping, Highways, and Bridges 
Syosset, New York - San Juan, Puerto Rico 
Bogota, Colombia 


. CHARLES A. MAGUIRE & ASSOCIATES 
Lozier Consultants, Inc. ott 


Engineers Engineers 

fication, Refuse Disposal ——— 

4 14 Court Square Boston 8, Mass. 

10 Gibbs Street Rochester 4, N. Y. 1100 Turks Head Building Providence 3, R. I. ; 


a GEORGE B. MEBUS, Inc. METCALF & EDDY 


Water Supply Sewage Treatinent Industrial Wastes Problems 
Industrial Waste Treatment Laboratory Valuations 
Airports 
BROAD STREET TRUST BUILDING Statler Building 
GLENSIDE, PA. Boston 16 
JAMES M. MONTGOMERY Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers, Inc. Consulting Engineers 
Water Supply—Water Purification SEWAGE TREATMENT—WATER SUPPLY 
Sewerage—Sewage and Waste Treatment INCINERATION— DRAINAGE 
Flood Control—— Drainage INDUSTRIAL WASTE TREATMENT 
Valuations— Rates APPRAISALS 


Investigations— Design —Operation 


327 Franklin St., Buffalo, N. Y. 
535 E. Walnut St. Pasadena, Calif. 500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF 
O’BRIEN & GERE : 
UADE UGLAS 
Consulting Engineers 


Civil and Sanitary Engineers 


Industrial Waste Treatment Water, Sewage, Drainage and 
: Industrial and Municipal Water Supply Industrial Waste Problems. 
Sewerage and Sewage lreatment Structural Power - Transportation 

400 East Genesee St. Syracuse 2, New York 165 Broadway New York 6, N.Y. 


PIATT & DAVIS MALCOLM PIRNIE ENGINEERS 
AND ASSOCIATES Malcolm Pirnie Carl A. Arenander 


Ernest W. Whitlock Malcolm Pirnie, Jr. 
P. D. DAVIS W. M. PIATT, Il Robert D. Mitchell Alfred C. Leonard 
Consulting, Designing, and Supervising Engineers MUNICIPAL AND INDUSTRIAL 
Sur ; Water Supply Water Treatment 
Water Works, Sanitary Sewers, Water Purification ~ ’ pos 
Sewage and Waste Treatment 
— Drainage - Rates Refuse Disposal 
slectrica! Distribution, Reports aa 8 
25 West 43rd Street 2910 Grand Central Ave. 
One Eleven Corcoran St. Bidg. Durham, WN. C. New York 36, N.Y Tampa 9, Florida 


Consult these specialists for professional assistance! 
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LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 

Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


PROFESSIONAL 
SERVICES 


RADER AND ASSOCIATES 
Engineers and Architects 


Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations, 
Plans, Specifications and Supervision of 
Construction Work 


The First National Bank Buliding, 
Miami 32, Florida 


REAVES & GREGORY 


Jonsulting Engineers 
ling Eng 


Paut C. Reaves 
D. Grecory 


3332 West Seventh Fort Worth 7, Teas 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
JournAL. This is where potential 
clients seek professional assistance. 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. V. A. VaSEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


B. V. Hows 


ROBERT AN » COMPANY 
ASSOCIATES 


AMD ENG 


RUSSELL AND AXON 


Consulting Engineers 


Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louis 2, Mo. 


Municipal Airport 
Daytona Beach, Fia. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 


Investigations - Design - Supervision of 
‘onstruction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning «Urban 
Subdivisions - Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 


J. E. SIRRINE COMPANY 


Lnyineers 
Since 1902 
GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 
Water Supply and Treatment 
Sewage and Industrial Waste Treatment 
Stream Pollution Surveys 
Chemica! and Bacteriological Analyses 


SMITH and Ss LLESPIE 


Ts 
All types of 
Municipal Py slic Works & 
‘tilities 


Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


It pays to secure competent and experienced professional advice! 
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STANLEY 
ENGINEERING COMPANY 


PROFESSIONAL 
SERVICES Laat Seat 


1154 Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES TIGHE & BOND 

Limited CONSULTING ENGINEERS 
joe: Consulting Engineers Bowers and Pequot Streets ; 
Holyoke, Massachusetts 


Water Supply—Sewerage—Waste Disposal 
Tel. JEfferson 3-3991 


Bridges—Highways—Industrial Buildings 
Studies—Surveys—Reports Civil, Sanitary and Electrical Engineering 

Investigations, Reports. Plans and Specifications 
Supervision of Construction and Operation 


245 N. High St. Columbus 15, Ohio 


J. STEPHEN WATKINS 
WALLACE & HOLLAND J. S. Watkins G. R. WaTKINS 


CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 


: Civil Sanitary Structural lreatment, Highways and Structures, Reports, 
Investigations and Rate Structures 


Consulting Engineers 


446 East High Street Lexington, Kentucky 
401 N. Federal Mason City, Iowa Branch Office ’ 
4726 Preston Highway Louisville, Kentucky 


LEONARD S. WEGMAN CO. ROY F. WESTON, INC. 


Engineers—Biologists—Chemists 
Consulting Engineers Industrial Wastes 
Stream Pollution—Air Pollution 


Water, Sewerage and Drainage Works " 
ater—Sewage 


neinerators 


Sanitary, Industrial Wastes—Treatment, Recovery Surveys—Research—Development— Process 
Erosion, Flood and Waterfront Works Engineering — Plans and Specifications — 
Reports — Design Supervision Operation Supervision — Analyses FE. valua- 


tions and Reports 


235 East 45th St. New York 17, N. Y. Newtown Square Pennevivesta 


WESTON & SAMPSON WHITMAN & HOWARD : 


Consulting Engineers ; 
Engineers (Est. 1869) 


Water Supply Water Purification 
nd Ind Sewerage, Sewage Disposal, Municipal and In- 
ocwe ustria dustrial Development Problems, Water Supply, 
astes sreatmen Water Purification, Water Front Improvements, 


Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 89 Broad Street, Boston, Mass. . 


Investigation Reports, Designs, Supervision, 
Valuations 


WHITMAN, REQUARDT & ASSOCIATES WILSON & COMPANY 


ENGINEERS & ARCHITECTS 


Engineers—Consultants Investigations — Planning — Design 


Civil — Sanitary — Structural Water, Sewerage, Streets, Highways, Bridges, i 
Electrical, Airfields, Drainage, Dams, 
Mechanical Electrical Treatment Plants, Industrial Installations ? 
; Chemical Testing Lab — Aerial Mapping f 
Reports, Plans, Supervision, Appraisals Electronic Computer Services, Reproductions nN 
631 East Crawford - - Salina, Kansas 
1304 St. Paul Street Baltimore 2, Maryland 2930 Geo. Washington Ave., Wichita, Kansas 


Consult these specialists for professional assistance! 
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B-1-F Industries, Incorporated 
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Burgess-Manning Company (Penn Instruments Division) 


Carborundum Company (Refractories 
Cast Iron Pipe Research Association 
Centriline Corporation 

Chain Belt Company 

hicago Pump Company 


Combustion Engineering (Raymond Division) 


Dorr-Oliver Incorporated 

Filtration Equipment C orporation 
Fischer and Porter Company 

Flexible Incorporated 

Inertol C ompany, Incorporated 

lowa Valve Company (Subsidiary of James 
Johns-Manville Sales Corporation ‘a 
Lock Joint Pipe Company , 

National Water Main Cleaning Company 


B 


Nichols Engineering & Research — 7) 


Pacific Flush Tank Company 
Pfaudier Permutit Incorporated 
Robinson Clay Product Company 
Smith and Loveless : Sale 
Sonoco Products Company 
Sutorbilt Corporation 

Tennessee Corporation 


United States Pipe and Foundry Company 


Vapor Recovery Systems Company 
Walker Process Equipment Incorporated 
Wallace and Tiernan Incorporated 
Western Machinery Company 

Yeomans Brothers Company 


Albright and Friel, Inc 
Alvord, Burdick & Howson 
Anderson-Nichols & Company 
Baffa, John J. 

Baker, Michael, Jr., Inc 
Baxter and Woodman 

Beak, Thomas W 

Bell, Howard K 

Benham Engineering Co 

Betz Laboratories, Inc 

Black & Veatch 

Bogert, Clinton, Engineers 
Bowe, Albertson & Associates 
Boyle Engineering 

Brown & Caldwell 

Brown Engineering Co. 
Browne, Floyd G., and Associates 
Buck, Seifert & Jost 

Burgess & Niple 

Burns & McDonnell 

Camp, Dresser and McKee 
‘apitol Engineering Corp 
‘arollo, John 

hester Engineers, The 
“onsoer, Townsend & Associates 
rawford, Murphy & Tilly 
Damon & Foster 

Everson, Roy B 

Fay, Spofford & Thorndike, Inc 
Finkbeiner, Pettis & Strout 
Fromherz Engineers 


Gannett Fleming Corddry & Carpenter, 


Gibbs & Hill, Inc 

Gilbert Associates, Inc 

Greeley & Hansen 

Green, Howard R., ¢ 
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Haskins, Riddle & Sharp 

Havens and Emerson 

Hazen and Sawyer 

Henderson, Angus 1) 

Henningson, Durham & Richardson 
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Kaighin and Hughes 


Kennedy Engineers 


Knowles, Morris, Inc. 


Koebig & Koebig 


Lanning Sanitary Engineering Co., Inc 
Lockwood, Kessler & Bartlett, Inc 


Lozier Consultants, 


Maguire, Charles A., & Associates 
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Piatt & Davis and Associates 
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Rader and Associate 
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Riddick, Thomas M. 
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LAS CRUCES, N. M—8000 gpm GAS 
LIFTER in 50’ dia, digester with fixed 
cover, R. A. Smith, Supt. Gordon Herken 
hoff & Assoc, Albuquerque, Cons. Engrs 


ROCKFORD, Itl.—Three GASLIFTERS in GREENSBORO, N.C.—GASLIFTER in ex 
existing digesters. Henry Riedesel, Mgr isting 75° dio. digester with floating 
Son. Dist. Greeley and Honsen, Chicago cover Dan Holder, Supt. City of Greens 
Cons. Engrs boro, Engrs 


DIGESTER 
CIRCULATOR - MIX 


GASLIFTER is trodemork of 
Wolker Process Equipment inc 


GASLIFTERS incorporate the 
patent right of Joseph Cunetta 


NO INACTIVE ZONES—permits utilization of entire digester capacity allowing higher loading rate. 
IMPROVES OPERATION—circulates and mixes digester contents and insures uniform distribution of 
raw and seeded sludge. 

CONTROLS START-UP—avoids start-up troubles by completely homogenizing contents; induces rapid 
gasification and volatile acids remain low. 

ELIMINATES SCUM BLANKET AND GRIT SHOALS~—circulation velocity at roof, sides and floor dis- 
perses grease blanket and bottom shoals 

EASY INSPECTION—exclusive locking chamber permits individual inspection and servicing of GASLIFTER 
sparging units without dangerous gas loss or digester shutdown. Eductor Tube, Gas-Lift principle avoids 
mechanical troubles from rag and “sewage string” fouling 

SACRAMENTO COUNTY, CALIF. (Son. Dist SALT LAKE COUNTY, UTAH—(Suburbon AURORA, ILL.—10,000 gpm GASLIFTER in 
#3) GASLIFTER in 70° dia. digester with Sen. Dist.)—12,000 gpm GASLIFTER in 60 existing 50° sq digester Williord P 
fined concrete cover Mr. Norman Farnum dia. digester, Emil Meyers, Supt. Cold Pfeiffer, Supt. W. E. Deuchler, Assoc 
Supt. Dewante & Stowell, Socramento well, Richards & Sorensen, Inc, Salt Ine, Aurora, Cons. Engrs 

Cons. Engrs Lake City, Cons. Engrs 


AURORA, ILLINOIS 


OVER: 50 YEARS 
EXPERIENCE 


Delivery of Roller Suspension Sewer Pipe 1960. 


LOCK JOINT 


RUBBER and CONCRETE JOINT 
A pioneer in the concrete pipe industry, Lock Joint Pipe 


RUBBER GASKET— CIRCUMFERENTIAL 

ll aa Company has devoted over half a century to the 
| development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 

Pana turing techniques from abroad. 
am Lock Joint Roller Suspension Sewer and Culvert Pipe 
_— points up the value of such research and development. 
; : The unique process used in the manufacture of this pipe 
vovarTuomat | woe produces concrete walls of unusual density and abrasion 


resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 


SEWER AND CULVERT PIPE PLANTS: tion, and flexibility. Produced in standard 8’ lengths, it 
nilworth, N. J. Beloit, Wis. Denver, Colo. } } ” sd 
rtford, Conn. Chicago, It!. Cheyenne, Wyo. ranges in diameter from 12 to 72 e 
H R Isl , Wyo. 
Lock Joint also produces machine made and cast pipe 
hester, N. Y. N. Kansas City, Kans. Hato Rey, Puerto Rico ranging in diameter from 6” to 120”, and even larger if 
gewater, Fia. Tulsa, Okla Carolina, Puerto Rico 
mi, Fla. Oklahoma City, Okla. Ponce, Puerta Rico required. All pipe may be designed to comply with 
Palm Beach, Fila. Wichita, Kans. Caracas, Venezuela A S T M State Highway or individual specifications 


LOCK JOIAT PIPE CO. 


East Orange, New Jersey 


Pressure Water Sewer REINFORCED CONCRETE PIPE Culvert » Subaqueous 


Delivery of HavanalSewet Pipe 1907 
; 
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| Wet COMPOUND-LOOP CONTROL 


Compound-loop Control by Wallace & Tiernan maintains chlorine 
residuals automatically—provides utmost flexibility in arrangement and 
process control. 

Chlorinator feed rate is adjusted by two signals: one from water 
flow. the other from continuous, automatic residual analysis. Since feed 
rate is the product of these signals, Compound-loop Control gives you a 
range of greater than 100:1. No matter how much flow or demand 
changes, your system always maintains the selected residual. 

Regardless of the size, type, or physical layout of your system, 
Compound-loop Control adapts readily. Electric, pneumatic, or 


variable vacuum control signals can be used. And you can in- 


stall Compound-loop Control as a package or convert to it, 
component by component, as your system expands. 


For more information, write Dept. S-145.84 


WALLACE & TIERNAN INCORPORATED 
= 25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 


LANCASTER PRESS, 


INC., LANCASTER, PA 
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